REPORTS, PAPERS, DISCUSSIONS, AND MEMOIRS 


This Society not responsible for any statement made opinion expressed 
its publications. 


CONTENTS 
Papers: 


The Ancient Roman Aaueduct Athens. 

Effect Lightning Reinforced Concrete Pavement. 

Sag-Tension Curves. 

The Engineer and the Town Plan. 

Aerial Surveys for City Planning. 


The Water Supply System Montreal, Quebec, Canada. 


Grit Chamber Practice: 


Producing Concrete Uniform Quality. 
Water-Ratio Specification for Concrete. 
Am. Soc. E., and STANTON WALKER, Assoc. Am. 
Unit Stresses Structural Materials: 
Discussions: 
Increasing the Efficiency Passenger Transportation City Streets. 
Moments Restrained and Continuous Beams Method Conjugate Points. 
Work: Restatement. 
Stresses Thick Arches Dams. 
Aeroplane Topographic Surveys. 
Land Settlement Irrigation Projects. 
Corrosion Concrete. 
Snow Removal Problems Organization and Operation. 
Report the Joint Committee Standard Specifications for Concrete and Rein- 
forced Concrete. 
Progress Report the Special Committee Cement, 
Progress Report the Special Committee Standard Construction Contracts. 


Progress Report the Special Committee Engineering Contract Bonding. 
Memoirs: 


ROBERT WALTER CREUZBAUR, Am. Soc. E...... 
WILLIAM HENRY Am. Soc. E......... 
CHARLES LEONARD ROWLAND, Soc. E..... 
CLARENCE OWEN SHIVELY, Assoc. Am. Soc. E.... 


EDWARD JAMES CONNOR, AFFILIATE, AM. Soc. 
| 


PAGE 


1321 
1331 
1335 
1343 
1349 


1361 
1365 


1394 


1407 
1423 


1444 
1470 
1480 
1485 
1491 
1502 
1505 
1515 


1521 


1524 


1526 
1547 


1551 
1552 
1553 
1560 
1562 
1565 
1566 
1567 
1568 


eee eee 
d q 
a 
te 


For. Index all Papers, the discussion which current Proceedings, 
see the second page the cover. 


a 
ye 
- - 
| 
| 
| 
| 
= 
| 
J 
a% 
| 
- 
i 
q 
| 
q 
4 : 


ngs, 


THE ANCIENT ROMAN AQUEDUCT ATHENS 


Synopsis 


revealed excavations and examination, the ancient Hadrian Aque- 
duct Athens, Greece, fascinating the modern engineer. about 
miles long, 130 ft. deep, and 3.6 1.3 ft. inside dimensions. 
Although the alignment crooked, the grade excellent. Shafts intervals 
about 120 ft. indicate the engineering restrictions the ancients. The 
materials, however—brick and mortar—are still exceptionally good condi- 
tion. The present capacity 2600000 gal. per day. methods puri- 
fication were used. The water, obtained from springs, galleries, and wells, 
evidently has always been hard, forming during the centuries several inches 
cross-section this accretion probably shows graphically, 
its texture, the sway Greek power—rapid use first the heyday the 
State’s success, decline the merest trickle the mid-period, and renewed 
intensive flow for the modern city, synonymous with the rise, the fall, and 
the re-birth Greece. 


Among the duties the American company that finance and con- 
struct new water supply for the Greek cities Athens and Piraeus, the 
repair and improvement the existing aqueduct, which, for nearly eighteen 
centuries, has supplied the Athenians with water. public utility such 
antiquity, still service, rarity and the writer’s opportunity examine 
the work and note the methods construction, the materials used, and the 


skill displayed, was privilege not disregarded. 


The Hadrian Aqueduct named after illustrious engineer and builder 
who commenced 184 D., during his term Governor Greece, before 
became Roman Emperor. was completed his adopted son and suc- 
cessor, Antonius Pius, 140 consists more than km. (15.5 
below the level the ground. approximately km. miles) from the 
city, bifureates, one branch leading eastward the slopes Mount Pen- 
telicon and the other, northward those Mount Parnes. 


discussion this paper will closed December, 1926. When finally 
closed, the paper, with discussion full, will published Transactions. 


Cons. Engr., Ulen Co., New York, 
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The water obtained from springs and subterranean flows, developed 
means galleries, wells, and drains. evident that every available water- 
bearing stratum was seized and utilized, since 465 such collectors, wells, and 
branches the aqueduct have been found, cleaned, and are now service. 
The Attic Plain has always been dry and semi-arid. The average annual rain- 
fall less than cm. (about in.) and the rains are generally torrential, 
with long dry periods intervening. The intensive development all under- 
ground sources therefore easily understood. 

The tunnel itself was difficult drive, for the ancients lacked the modern 
equipment pumps, forced ventilation, and explosives. Many points at- 
tack were essential. Shafts, therefore, were driven intervals from 
(108 125 ft.), and their depth was relatively great, the located 
line followed the lowest contours afforded the terrain, although the length 
the line was thereby greatly increased. 

The excavated section was small, evidently determined the space neces- 
sary for one man alone work each heading. general, was approxi- 
mately 1.70 (5.6 ft.) high 0.70 (2.3 ft.) wide, although varied some- 
what with the class materials encountered. De-watering must have been 
accomplished hoisted buckets chambers are found where Archimedean 
screws—the sole applicable method lifting water known the ancients— 
could have been installed. 

Much the excavation was rock, involving slow and laborious drilling 
and wedging for its removal. Sections shale and conglomerate were prob- 
ably not troublesome, but soft ground such restricted quarters must have 
given the engineers and workmen many anxious moments. Slave labor was 
used throughout, for Rome, mistress the world, could supply unlimited 
quantity, and the Athenian freeman would manual labor. 


The aqueduct lined throughout with masonry—stone the rock sec- 
tions and brick elsewhere. evident that the engineers used the nearest 
available materials. The mortar was the well-known Roman cement, puz- 
zolana and lime; this was used not only for the masonry bond but also 
plaster finish the water-bearing surfaces. Its strength and durability 
are remarkable, for usually this masonry breaks through the material and 
not through the joint. The brick are excellent quality, well burned, and 
with clear “ring” when struck with hammer. They are fully equal 
the modern common facing brick although not dense the machine 
product, they were all made hand. brick, was 
was “scribed” its maker with his thumb and four fingers, thus corrugating 
the flat sides, probably give better bond possibly trade-mark. 

The finished section the brick-lined aqueduct approximately 1.10 
(3.6 ft.) high and 0.40 (1.3 ft.) wide. good ground the arch was formed 
two flat brick special size, set edge angle span the opening 
and “hipped” the center bearing shown Fig. (b). bad ground 
the arch was formed curved brick, approximately cm. (1.6 
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7.1 11.8 in.) dimensions, laid end, haunched the walls, and joined 
the centers (Fig. (c)). 

Fig. shown portion the aqueduct laid bare during the repairs, 
with the curved arch top exposed. Most this work still excellent 
condition, although the various “breaks” have been largely occasioned the 
failure the arch when falls from the roof the excavation have crushed 
the brick work. This may have been because carelessness back-filling, 
but more probably because cavities formed the leaching out the over- 
lying earth. 


AQUEDUCT. 


The very durability this work proof its excellence. builders, 
the Romans rank with the best all times. Technically, they lacked 
knowledge underlying principles. Not for them was know the rela- 
tion wetted perimeter and hydraulic radius flow, although they must 
have observed the effect frictional losses, since they sought make sur- 
smooth with troweled plaster. first glance, might thought 
that the section adopted was due the space required for one-man headings, 
but this theory will not hold because the same secticn was used the above 
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ground masonry The fact that they used curved bricks for the 
arches sufficient proof that they could have used’ them for the inverts 
had they known how design the most efficient and section. 
More probable that they sought merely hole through which water 
would flow and discovered that deep and narrow channel would flush more 
easily than shallow one. 

The wells and collectors are well built and efficient. The Romans used 
cut-off walls, else followed along the water-bearing strata until they found 
impervious bedding plane. Thus they minimized the seepage loss. 

Shafts were sunk vertically and lined with masonry when necessary. The 
levels were easily and correctly run, means right-angled triangle and 
plumb line. The grade, slope, adopted was generally and modern 
Wye-level could hardly give better results. The alignment was different 
matter. The use plumb-bobs either side the shafts, with visual sight- 
ing both above and below ground, was the only method known. The swaying 
line (100 130 ft.) long, the pull spider’s web, the inac- 
curacies workman’s eye over sight ft. less made errors inevitable, 
and these were multiplied projection. The explanation first given for the 
crooked alignment, that the workmen were following water-bearing veins, 
was disproved when the worst line was found the long rock sections 
that contained not trace moisture. clear that each heading must 
have required frequent corrections its line, and that adjoining headings 
approached each other they were guided audible signals making con- 
nections. This also proved the offsets wider sections excavation 
the actual junctions. The headings, however, did meet; the aqueduct was 
finished. functioned and endured, although its lacked the aid 
telescopes and cross-hairs. Why variations from the true 

The worst feature the small section adopted, was the 
practical impossibility—of making repairs. With the water running, the 
aqueduct could not entered. When the arch was crushed there was way 
reach the break except driving new shaft from the surface drift 
from the nearest existing down-stream shaft. The extensive repairs now 
progress include the construction lined gallery over the aqueduct and the 
removal the arch ring. (Figs. and 3.) 


AND 


The aqueduct ends reservoir the slopes Lycabettus Hill high 
above the central city. This original reservoir was only 500 cu. (130000 
gal.) capacity but the city has built additional one somewhat 
larger dimensions. From thence the water was distributed through conduits 
borne masonry arches, one and two stories height above the streets, 
with frequent drops the house level through lead pipes serving the public 
fountains and public and private buildings. 

pipes were made lead sheets, shaped circular form with the 
ends overlapping, doubled over, and hammered tightness. Pipes this 
kind have been found in.) diameter. The Romans seem 
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Fic. LINING, HADRIAN AQUEDUCT, SHOWING INCRUSTATIONS, 
INCHES. 


Fic. HADRIAN AQUEDUCT, SHOWING INCRUSTATIONS. 
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have been ignorant pipes although they were familiar with molten 
metal, both lead and bronze, and frequently cast figures and utensils. 


AND 


Nor did they know much water purification. Many the wells were 
open surface contamination. Some the streams, fed rainfall, were 
diverted when flood, the aqueduct. The average bacterial count per 
centimeter to-day about 5000. Frequently, rises 100000; not 
rarely 1000000 and, times, uncountable. could scarcely have 
been better ancient times, but provision for filtration was made and 
the only purification was the slight sedimentation the small reservoir. 

Furthermore, the water was hard. Nowadays carries upward parts 
per hundred thousand lime. Fig. shows the incrustations pipes that 
have been installed only since 1878. Fig. from photograph section 
cut from the lining the aqueduct itself. incrustation more than 
cm. (1.6 in.) thickness. Using 0.15 Kutter’s formula for new 
and clean brick work, the original capacity the aqueduct was approxi- 
mately 250 liters cu. ft.) per sec. The incrustation not only reduced the 


section fully 20%, but also decreased its capacity greatly through increased 
frictional loss. 


SERVED 


census figures have come down from early times. Various methods, 
too long detailed, have been used arrive the probable number 
inhabitants. The results indicate that the maximum could scarcely have 
exceeded 500000 any time and these nearly four-fifths were slaves. 
Accepting this estimate therefore and considering the capacity the aque- 
duct when new, the supply approximated liters (10 gal.) per capita per 
day. the supply decreased the population decreased also. 1835 Athens 
contained only 5000 inhabitants. To-day, with population more than 
600 000 the aqueduct supplies only liters (2500000 gal.) per day, 
less than liters gal.) per capita. 


The writer advances the theory that the incrustation the aqueduct 
(Fig. geologic record Athenian history during the last 1800 years. 
The aqueduct was completed 140 D., the zenith Roman power. 
Put into full service, the deposit lime grew rapidly, the accretions being 
noticeably porous and reaching thickness cm. (0.4 in.). Rome fell; 
the Barbarians swept through Greece and the aqueduct fell into disrepair. 
Note the gradual increase density the deposit. Finally, for centuries 
its very existence was forgotten, although trickling stream still oozed through 
and fell into the reservoir. The deposit then became flinty, susceptible 
high polish, and evidently slow formation. Then came the last century 
with freedom for the Greeks and the establishment their nation. The 
aqueduct was re-discovered, cleaned, repaired, and connected new wells 
driven into underground basins cavernous limestone, the waters which 


1330 ANCIENT ROMAN AQUEDUCT ATHENS 


were charged with calcareous salts solution. Note the rapid accretions, 
and porous that they can flaked off with the finger-nail. 

Whether geologic history not, the theory conforms the cycle power, 
the fall and the rise Athens world importance. 
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REINFORCED CONCRETE PAVEMENT 


The varied results the action the elements rigid pavements has 
recently been the subject much scientific investigation. Changes tem- 
perature, frost action, and differences moisture conditions create problems 
real significance the engineer engaged the design pavements, the 
importance which can hardly over-estimated. 

The writer has recently had occasion investigate the effect another 
Nature’s forces—its most spectacular not its most powerful—in contact 
with reinforced concrete pavement. the evening October 12, 1925, 
during thunder-storm the vicinity Pensacola, Fla., 18-ft. reinforced 
pavement the “Gulf Beach Highway” was struck bolt 
lightning, The result was one quite contrary that expected 
careful investigation proved that the damage done the pavement was the 
effect the action that element. This inspection was checked 
Howe, Assistant Engineer, Louisville and Nashville Railroad Company. 

first thought, would seem that lightning, striking concrete pave- 
ment laid directly plain sub-grade, would choose the shortest way 
the earth, going directly through the slab. Instead, this case, traveled 
the pavement for distance 1560 ft., about 780 ft. each direction. The 

damage the pavement evident except the expansion joints, 
30-ft. intervals, where gap in. between the ends the longi- 
tudinal wires the steel mesh reinforcement, evidently formed arc, sud- 
denly generating heat sufficient break out small piece concrete and 
scattering the aggregate for considerable distance. Where the wires were 
bared, the galvanization was found have been burned off. all cases, 
the asphalt expansion joint was melted away the point break, evi- 
dently having literally “gone smoke”. 

each joint over the affected area only small piece concrete was 
broken out, cracked, usually triangular shape corner the slab, 
the piece being about sq. ft. area and extending slightly below the level 
the reinforcement which was in. below the surface. interesting feature 
the action the lightning was that pieces concrete broke out nearly 
all cases alternate sides the road, had across 
the reinforcing mesh each slab. two cases the fracture occurred the 


discussion this paper will closed December, 
Engr., Dept. Roads and Bridges, Escambia County, Pensacola, Fla. 
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center the road, and one these cup-shaped piece was broken out 
about ft. back the expansion joint. Another noticeable peculiarity was 
that most instances the concrete was broken one side the joint, only— 
the eastern side. This may the fact that the road was con- 
structed from east west. laying the mesh, which came sections, the 
ends were placed distance back from the expansion joints, the 
exact amount depending the overlapping the sheets reinforcement 
the slab. 

The pavement 54-74-54-in. cross-section, ft. wide, 3000 
concrete. The aggregates were washed river sand and gravel. the breaks 
the coarse aggregate was fractured, rule, rather than the mortar. 

The reinforcement consisted standard steel wire mesh, weighing 
per 100 sq. ft., and round steel bars, placed parallel and in. back 
the expansion joints. 

The explanation the effects the lightning, reached Mr. Howe 
and the writer, may outlined follows. This pavement laid pure, 
white, beach sand indefinite depth. unusually dry period had greatly 
lowered the ground-water level. Moisture essential “grounding” light- 
ning. Having struck the pavement the current ran down the steel wire 
the end the mesh near the expansion joint. There the line least resist- 
ance was taken, which was across the width the pavement, following its 
end the steel bar located that point. Then followed the are the steel 
located across the joint, this afforded resistance than pass through 
the concrete the sub-grade and thence through ft., more, dry sand 
where moisture conditions would permit “grounding”. 

The slight damage done was easily repaired filling the cavities ‘with 
gravel and bituminous mixture. other part the road, which 123 
miles length, has shown any breaks during the two years has been open 
traffic, and the reinforcement has effectually prevented serious cracking 
the slabs. 
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SAG-TENSION CURVES 


SYNOPSIS 


The purpose this paper present new method analysis for the 
tensions and sags span wire cable, simple the common parab- 
ola method and accurate the catenary method. This will prefaced 
general discussion sag tension. 


Sag-tension curves are for the use the man the job who strings 
transmission wires. summer, must not pull them tight that 
they will break winter when they are loaded with ice and are shortened 
under the cold. Conversely, winter, must pull them tight enough 
that they will not sag below the clearance line hot summer day. 
must know, therefore, with reasonable accuracy the proper tension for any 
condition weather for that particular span and climate. These curves give 
him that information. 

The curve taken suspended wire approximates the common catenary, 
but the analysis this curve complex that the labor involved not 
justified when the conditions loading and strain are uncertain. Definite 
loadings ice and wind are assumed, and the stress the wire calculated 
its elastic limit, but Nature has way doing the unexpected and the 
actual loading may quite different from that assumed. some cases 
definite physical properties the wire are known and others they are 
merely assumed and may vary considerably; the physical properties (area, 
elasticity, coefficient expansion, elastic limit) will never exactly the 
same for any two pieces wire, however carefully made; sunny day 
the temperature the wire may different from that the thermometer, 
due difference absorption and reflection the sun’s heat; and, finally, 
the wires can seldom strung absolutely still day, that any wind 
the wires will give load that impossible estimate the construction 
man. For these reasons, any method calculation that reasonably accurate 
and has the same degree precision for deep curves for flat ones, suffi- 
cient for the purpose design. 

The methods use present for the solution the catenary are some- 
what elaborate and somewhat blind. They require special charts, tables, 
diagrams, and the solutions obtained are not obvious, for example, superficial 


discussion this paper will closed with the December, 1926, Pro- 
ceedings. When finally closed, the paper, with discussion full, will published 
Transactions. 
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checking does not necessarily prove them correct and consistent, 
easily done the parabola method. 
This parabola method, the other hand, simple and clear, that errors 
can readily seen and results clearly understood. involves direct 
matical principles where the other methods require charts tables. The 
parabola, however, has error that increases the depth the curve 
increases, and therefore applies only shallow curves, usually short span. 
The new method herein proposed simple modification the parabola 
method. has all the advantages clearness, simplicity, and directness, 
and accurate the more elaborate catenary method. 
The solution the parabola will first explained detail, and the new 
method, the reduction the catenary, then developed, after which analysis 
unsymmetrical spans will given. 
the treatment the problems involved, the symbols will 
used 
tension support. 
center. 
weight per foot wire. 
sag. 
span. 
length wire. 
ordinate from catenary its directrix. 


Factor length 


The units are feet and pounds. 


For illustration span 000 ft. has been assumed, with 0000, 7-strand 
“Copperweld” cable. The constants are given the manufacturers and 
are presumably accurate enough for design. The allowable tension 7700 
which one-half the ultimate tension, the elastic limit. The coefficient 
expansion 0.0000072, and the modulus elasticity times the area 
912 000. 

Three loadings are taken this case: (a) Bare wire, 0.663 lb. per lin. ft.; 
(b) wire plus in. ice, 1.304 per lin. ft.; and (c) wire plus ice plus wind 
per sq. ft., 1.662 lb. per lin. ft., this being the resultant the vertical 
and horizontal loads. the parabola the weight the wire per foot 
horizontal projection assumed the same throughout the span. This 
not true, because the wire slants toward the supports the weight per 
horizontal foot increases. For moderate spans the error not great and this 
method can well used. 

This assumption gives simple relation between sag and tension which 
the one common the design beams and trusses, namely: 


Loading moment 


Effective depth 
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The loading moment The effective depth the sag, Therefore, 


the tension the center the span, is: 


From the catenary relation, the tension given the product the weight 
and the vertical ordinate, and increases from the center toward the 
supports, the change tension will the product the weight and the 
sag. Therefore, 


The length the wire may found from the expression: 


Now the sag and tension for any condition can found solving 
long and complicated formula. much simpler, however, make two sets 
graphic equations (curves) and find the answers direct from their inter- 
sections. case “divide and conquer”, for each condition itself 
easily solved; furthermore, any irregularity these curves indicates 
error. 

Equation (1) determines series tensions for various assumed sags, 
one set for each the three conditions loading: 


(a).—Bare 
0.663 000? 


“ 100 ; “ = 3315 “ 


“ = 110 “ 8010 “ 


(b).—Wire Plus 
Plus Ice Plus 
1.662 000? 
“ “ = 110 “ ; “ 7 550 “ 
“ “ = 120 “ 6 930 
These three curves are plotted Fig. required that the tension 
the supports under conditions greatest load; therefore, substi- 
tuting from Equation (2) Equation (1): 


SAG-TENSION CURVES 


Solving trial, found 110.5 ft., and from this point the second 
set curves graphic equations starts. 

The first set curves indicates the sag for different tensions under cer- 
tain assumed conditions loading. The second set will show the change 
sag the load the wire changes, for the wind drops and the ice 
breaks off, the tension the wire decreases, and the tension decreases the 
wire shortens. shortens, draws straighter, decreasing the sag. 
This decrease sag, however, produces slight increase tension, that 
the actual condition between these two effects. 


Max. Tension Ib. 


Span 2000 ft. 


0000 Copperweld Conductor 
A=2 912 000 


Ex.= .0000072 


= 
c 
o 


100 
Sag Feet 


then possible starting with the point where the wire fully stressed 
find its length, and decreasing the tension 1000 time, find the 
corresponding series lengths, and from these lengths, the sags for these 
several conditions. The resulting curve, (e)—the stretch curve—shows the 
sags that this particular wire will take its length shortens under decrease 
load. The intersections this stretch for varying loads with the 
curves sag-tension for the chosen, will give the required 
sags the wire. The increase tension the sag decreases accounted 
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for the slopes the loading curves, for the more the stretch curve bears 
the left, the higher intersects the load curves. The calculation 
follows: 

From Equation (3): 
110.5? 


Elongation for 000 change tension 0.69230 ft. 


TABLE TENSION AND Sac. 


Acting tension, pounds...... 516 516 516 516 516 516 
Difference tension, pounds 000 000 000 000 000 


Sag, feet 110.5 105.5 108.0 100.5 98. 


Curve (e) for Fahr., the lowest temperature assumed, giving the 
least sag and greatest tension. the temperature the wire elongates, 
and this elongation gives greater sag. The stretch curves for various 
temperatures (Fig. will generally parallel unless the wire flat 
profile. 

This analysis has assumed the tension the center the stretching 
acting the wire, whereas the mean average tension will give the 
real elongation. 

The tension any point cable the tension the center plus the 
product the weight the wire per foot the vertical distance from the 
point the lowest point the wire. The average ordinate the wire above 
its lowest point will thus one-third the sag. Hence, the mean tension 
the tension the center plus the product the weight the wire per foot 
one-third the sag. 

Fig. are plotted the tensions the supports. The mean tensions 
will lie one-third the distance between the full and dotted curves. The results 
found give in. less change sag from using the stietch curve than from 
using the mean tension; the tension the supports had been used done 
the catenary methods, the change sag would have in. more than 
the mean tension. either case the error negligible, but the parabola 
method has the error the catenary solution. 


METHOD 


the foregoing computation the weight the wire per foot span was 
assumed the same throughout the span, whereas the true loading varies, 
increasing the wire slants toward the supports. This actual loading will 
give the true stresses the wire; but such solution complicated except 
the use equivalent uniform load that gives the same moment and 
easy compute. 

Another solution would find length wire the weight which 
applied uniformly over the span would give the true loading moment. After 
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the wire and the span. 


Where the true length wire taken, the catenary formula, the 
results are almost exact. complete solution this method given 


Fig. and this mean length will called the “factor length”. 


1, 662 Ib. per lin. ft. 


— 


Tension Wire Either Support Pounds 


Sag Feet 


UNSYMMETRICAL CURVES 


Unsymmetrical sag curves present elusive problem. The usual method 
treat the curve were symmetrical taking the vertical sag from 
the chord the tangent parallel the chord, or, more simply, the vertical 
distance from the center the chord the curve. Even some allowance 
made for the greater length the chord over the span, this method cannot 
accurate because the tension affected the total sag, will shown. 

The solution here presented reasonably depends ele- 
mentary rather than complex principles, has the advantage clarity. 
The stress unsymmetrical curve determined the distance from the 
low point either support and not the clear span, either part being 
effect one-half symmetrical span far analyzing goes. <As the sag 
changes the low point moves, that the equivalent span length becomes 
variable quantity. The steps the actual analysis are follows: 

the distance from the low point the higher support for 
range chosen sags, writing the equation the parabola through two 
points tangent the X-axis. 


the length wire for this the same 
for the shorter part-span). 


long series trials, this length was found the mean between the length 
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the sag-tension loads for spans that are twice these longer 
part-spans, and lay out sag-tension curves. 

Fourth.—Make auxiliary curye the wire for each sag. 

the sag-tension curve the maximum tension 700 
obtain the starting point. 

downward get the length wire this sag ten- 
sion, and thus proceed graphically find points the stretch curve. 

This accurate but neither simple nor easy, the equations 
present considerable practical difficulty; but here, again, approximation 
perpendicular distance from the center any chord the curve, and this 
will give the data required for stringing sights.* The only problem then 
get the factor length again and allow for the change tension from 
the higher support the true 

empirical analysis, the length the wire found nearly 

horizontal tension, the low point. The quantity, found allowing 
for the rise from the low point the center the span and for the dis- 
tance from the high point the center the chord. From this the true 
sag 7700 tension obtained. From this point, solution the 
same for the symmetrical curve (see Fig. 3). 


1, 662 Ib. per lin, ft. 


possible. From the parabola the quantity, 


Will give the 


FEET 
PROPOSED SOLUTION FOR 
£7000 
Qa 
Qa Total = 1, Ib, } 
0000 Copperweld Conductor 
Sigh b k 
5000 
4000 
c 


2000 
100 105 110 115 120 
Sag Feet 


stringing sights, grade marks are set the towers, and the bottom the wire 


sighted from tower tower. 
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1.—The methods here explained show that for shallow curves the parabolic 
method treating sag tension satisfactory, but that for deep curves the 
error great. errors are shown graphically Fig. and from this 
the proper method analysis can chosen when the 


determined. 


Percentage Sag 


which method used, all the values start from the maximum allowable 
tension and are generally parallel. 

3.—For stringing sights there wide variation sag unless the 
unsymmetrical curve really analyzed. Fig. this variation shown 
for the Fahr. curves three methods. obvious that the analysis 
unsymmetrical curves should not slighted when the wires are 
strung sights. 

the wires are strung tension, the reading the meter 
should the stringing done from the lower support 
unsymmetrical span, the reduction tension the meter the weight 
wire per foot times the vertical distance from the higher support the 
meter. 

*In stringing tension, tension meter used the end where the wire being 


pulled. this point usually near the ground, allowance must made for the difference 
pull due the elevation lower than the point maximum stress. 
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THE ENGINEER AND THE TOWN PLAN* 


James 


often asked why the engineer does not bulk more largely public 
life and the public eye, members the other professions. The answer 
has been given that has little inclination that way, too busy with things 
much greater importance, and not given self-advertising. 

All this may true, yet these answers only give rise another question, 
whether not his influence for good the community and shaping, 
regulating, and determining force, not greatly lessened his lack 
interest public affairs. 

The engineer his painstaking concentration details and methods has 
great extent surrendered his grip the larger issues and has become the 
servile instrument, the mere technical tool the hands men far beneath 
him intelligence, thorough understanding some particular problem, 
and grasp its essential features. occupies position midway 
between that the enterprise promoter and the manual laborer; sup- 
posed the brains the combination, but usually allowed less recogni- 
tion and even less pay than either. 

The result has been that popular estimation held position fit- 
tingly denoted former Canadian Cabinet Minister when said “Engi- 
neers should Tap but net Top”. Yet the training and education 
the engineer covers greater field, wider range scientific study than that 
any other profession. must learn much possible the nature 
and properties all kinds matter under varying conditions. All the 
physical sciences must within his ken, their special manifestations and 
the laws that govern them, and “the great forces power Nature” must 
captured, tamed, and harnessed him and “converted, adapted, and 
applied for the use and convenience man”. 

addition all this, must have more than ordinary acquaintance 
with business, administrative, and financial dealings. fact, the engineer 
supposed much living embodiment and epitome all the sciences 
must beyond the capacity the most gifted mortal effectually encom- 
pass. The consequent tendency has been specialize into various branches 
expert practice. 

Thus, there are railway engineers, tramways engineers, hydraulic, munic- 
ipal, mechanical, mining, metallurgical, electrical, chemical, bridge, and build- 


ing engineers; and these, turn, have become subdivided into experts steel 


discussion this paper will closed with the December, 1926, Pro- 
When finally closed, the paper, with discussion full, will published Trans- 
actions. 

Presented the meeting the City Planning Division, Montreal, Que., Canada, 
October 15, 1925. 


Cons. Engr.; Pres., Town Planning Inst. Canada, Montreal, Que., 
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construction, reinforced concrete, etc. to-day the brand engineer that 
formerly all-embracing, well known, and the same time digni- 
fied, termed the Civil Engineer, has almost become thing the past. 

Although specialization may offer undoubted advantages, there grave 
danger over-specialization presenting detached and only partial side 
the case with incomplete and inharmonious results. During the last decade 
new species engineer has achieved some degree recognition and suc- 
cess, that is, the Town Planning Engineer. Hitherto has found little favor 
esteem the eyes his brother professionals, who are inclined look 
askance him sort hybrid individual—a combination architect, 
surveyor, and landscape specialist with possibly certain percentage engi- 
neering knowledge thrown in. 

the truth were known and appreciated, however, would realized 
that town planning nothing more nor less than fundamental engineering, 
the solid substructure which ordinary diversified engineering should 
based. course, the term, town planning, misnomer and used only 
for want better designation that may prove more apt and the same 
time generally acceptable. Although may have originated with special 
reference the city town, has assumed much wider significance, 
embracing regional planning and even country-wide planning; and who 
knows when perfervid nationalities shall have pooled their fancied dif- 
ferences, may not reach out into world-wide planning. 

Canada undeveloped land wonderful natural resources, vast 
fertile plains, abundant forests, and prolific oil and mineral-bearing 
regions. Besides this there are immense water powers either partly harnessed 
running waste and except for few the larger cities, only far-flung, 
meager, and attenuated settlement develop it. fact, with population 
sufficient for few counties attempt being made run half con- 
tinent, all once. 

Three four decades ago the idea was conceived that the one thing need- 
ful open the door all these riches was efficient transportation. rail- 
ways were built with lavish hand and with sublime faith beneficent and 
overflowing future. Not only were they built where they were needed 
gave reasonable promise success, but they were built Moreover 
one railroad system was not enough; several must had break the dreaded 
monopoly and ensure healthy competition. So, duplication and triplication 
became the order the day, with lines interlacing and paralleling each other 
almost within stone’s throw, and positively cutting each other’s throats. 
And the engineers—brave, brawny, and brainy fellows, inured hardship 
and unafraid danger work—drove these lines through wilderness, 
swamps, and sandy deserts, across wide rocky barriers, along 
cliffs and canyons, and over lofty mountain divides, from ocean ocean. 
These lines are to-day monuments engineering enterprise and skill, and, 
the same time, lasting memorials pitiable judgment and radically bad 
planning. 

long the job and their health lasted, the engineers drew their meager 
monthly salaries, while their masters—the contractors and company promoters 
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are trying fasten the blame ‘each the shoulders 
other and succeeding only elemental absurdity law- 

the engineers were should have been, fault 
was it? They did know all about build railways, “why” 
and the “wherefore” the whole thing and the “whither might tending”, 
that’ would have been new them. They past-masters the science 
the most location and construction, long haul, borrow 
and ruling gradients, velocity grades, vertical curves, and spiral 
alignment, what did they care the necessity 
for these railways relation. possible development, proximity markets, 
and existing prospective industries, and least all‘for the accommodation 
convenience of. the shipping and traveling words, they 
were engineers, but altogether indifferent planners. 

the open country where the ill effects indiscriminate 
planning felt.. The cities are with rival surface 
lines terminals, obstructing and paralyzing the street creating 
congested conditions, blighted districts, and stunted growth, and cramping 


and binding the very vitals the city ‘their iron 


Take the question crossings, for instance. formerly was con- 
loss life and limb was lamented, but was the 

More than a-dozen years ago was projected starting from 
the main line great railway company Montreal and extending through 
adjoining rapidly. municipality. The plans were prepared and 
sanctioned the Railway Commissioners for. Canada. For, the 
city portion, was proposed cross the streets overhead but 
the city limits were reached, designed the gtound, 
involving series grade crossings. construction advanced the people 


the district affected realized what was happening and strenuously objected, 


but They then determined take the law into their own hands, 
repeatedly during the night, demolished the work that had been done the 
previous day until the projected, construction was, discontinued 
appeal the Courts. That municipality has since been incorporated within 


‘the city and one its and most populous sections: the 


projected line was never finished, and later experience has shown that the 
comparatively ignorant that municipality were and the railway 
company and together with the Board Railway Commis- 
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Another question that the location bridges. would 
volume, trend, destination existing and expected traffic would 
primary ‘and ruling considerations. location. Too often, however, these 
questions are not studied, the factors being initial right 

planning, even good business, if, year two, comparatively trivial 
Saving first cost offset the perpetual cost ‘extra 
gate sufficient overbalance the entire cost 

The question, “Why one which might profitably engage the 

the engineer, merely for access houses and buildings 
thereon used arterial thoroughfare for through seems 
that. roadway should and payed according the 
amount and nature the service will expected render. 
engineer called design water distribution sewage disposal 
would scorn absurdity using pipes and, conduits all about 
the same dimension, yet. exactly what done Although 
the engineer may not the first place, his mute, un- 
questioning and contributory. the perpetuating 
the wrong and rendering remedial measures 

amusing observe the trouble and that will take 

the chemical constituents and handling his paving material save 
few cents per yard its cost, and straightway set and plaster all 
over useless and extravagant width. 
City. Montreal, with its strategic situation the heart 
continent and the head ocean navigation, has been singularly endowed 
Nature, being bounded all sides broad flowing rivers, with gentle 
slopes rising commanding mountain the midst the city. moun- 
tain course the pride and glory the populace and inestimable 
‘rest and recreation side the mountain east west 
extends escarpment for the greater part the island. 

the city had been planned intelligently, systematically, fore- 
sight, suit the would been ideal every respect. was 
‘allowed, however, grow simply more less rule-of-thumb 
lines. 

the hill. ‘The cost, grades people Montreal during 
the last hundred would probably enough buy all land the 
city several times over. Yet serious determined effort has been made 
deal with this difficulty except perhaps where, some years ago, 
reduce the grade certain street the primitive engi- 
neering method cut and fill, the work progressed was found that 
one part the grade the roadway was ‘level with the chimney tops while 
‘another the houses were perched hill ft. high. The 
was deluged with threats lawsuits more than 000, and 
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was found that way difficulty was undo the work 
that been and. put street back its original condition. 
Whether this attempted operation bad engineering might unwise 
assert, but certainly accepted city methods 
which would less and. more satisfactory solution 
the trouble. 

can such where the question traffic concerned, 
bottle-neck with results that are daily becoming. intolerable. 
aggravate this, what may considered the main thoroughfares are entirely 
too narrow for the work that expected them, and addition the longest 
sides the rectangular street blocks have crosswise the main flow 
traffic, thus providing fewer channels and creating more stringency. 

Altogether Montreal has traffic problem first-class magnitude, the 
terrible incessant and ever-increasing expense which, although may not 
appear the ledger, none the less real. Down-town property values 
especially are deteriorating and business centers are shifting not natural 
extension but tearing away from their moorings and leaving dilapidation 
and decay behind, while new high buildings are going elsewhere, effectually 
blocking even the possibility improvement. Hitherto solution has been 
found for the trouble except the piecemeal, blind, and arbitrary widening 
highly developed main thoroughfares, aggregate cost more than 
$20 000 000, with altogether incommensurate results, and with the effect that, 
owing the dislocation and turmoil the operation, high-class business, that 
capricious jade, has flitted off other regions and refuses return her 
old-time haunts. 

account the small reserve left the municipal treasury, recent 
efforts have been confined frenzied and practically futile endeavors ease 
the situation traffic direction, regulation, and restriction, limitation 
parking privileges, one-way streets, ete. This sort thing nearing the 
end its effectiveness, and the question arises what can done next. 
has been suggested tramway interests that they are the carriers 
the largest number passengers, they should have paramount rights, and 
that least during rush hours motor traffic should ruled off the highways 
and relegated the byways. the other hand has been contended 
the motor people that the tramears, their bulk, unwieldiness, and rigidity 
the track, together with their many stops and switching operations, are 
themselves the greatest sinners, and consequently they should removed from 
the surface the streets. 

Strange say, whatever quarrel may exist between these two interests 
they are one their contemptuous and overbearing, “get-off-the-earth” 
attitude toward the luckless and defenseless pedestrian, the most multitudi- 
nous them all. 

The foregoing may taken incidental examples the general trend 
things this mad rush modern activity and enterprise, where seem 
able see and grasp only one side one thing time; where there 
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volume, trend, destination existing and expected traffic would 
primary ‘and ruling considerations. location. Too often, however, these 
questions are not studied, factors being initial cost right 

excellent engineering but it. can considered good 
planning, even good business, if, year two, comparatively trivial 
first cost offset the perpetual cost of. unnecessary 
gate sufficient overbalance the entire capital cost of.the 

The question, street?” one which might profitably engage the 

the merely for access to,the houses and buildings 
thereon used arterial thoroughfare for through seems 
roadway should and payed according the 
amount and nature the service will expected 
engineer called design water distribution sewage disposal 
seryices would scorn the, absurdity using pipes and, conduits all about 
the same dimension, yet. that exactly what done with streets. Although 
the engineer may not always culpable the first place, his mute, un- 
the wrong and rendering remedial measures impossible, 

amusing observe the trouble and that will take 
the chemical constituents and handling his paving material save 
few cents per yard its cost, and straightway set and plaster all 
over useless and extravagant width. 

The City. Montreal, with its situation the heart 
continent and the head ocean navigation, has been singularly endowed 
Nature, being bounded all sides broad flowing rivers, 
slopes rising commanding mountain the midst the city. This moun- 
tain course the pride and glory the populace and inestimable 
rest recreation either the mountain east and west 
extends escarpment for the part the 

the city. had been intelligently, systematically, and fore- 
sight, suit the would haye been ideal every respect. was 
allowed, however, grow simply more less rule-of-thumb 
lines. 

the hill. cost, these steep grades people Montreal during 
the last hundred would probably enough buy all the land the 
city several times over. Yet serious determined effort has been made 
deal with this difficulty except perhaps where, some years 
neering method cut and fill, the work progressed was found that 
one part the grade the roadway, was with the chimney tops while 
another the houses were perched ‘on hill ft. high. The 
was deluged with threats lawsuits more than 000 000, ‘and 
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was found that the way the difficulty was undo the work 
that put street back its original condition. 
Whether this attempted operation was bad engineering might unwise 
assert, but certainly accepted city planning methods 
which would have, less expensive and. satisfactory solution 

can searcely such where the question traffic concerned, 
for westbound compressed and forced through 
narrow bottle-neck with results that are daily intolerable. 
aggravate this, what may considered the main are entirely 
too narrow for the work that expected them, and addition the longest 
sides the rectangular street blocks have crosswise the main flow 
traffic, thus providing fewer channels and creating more stringency. 

Altogether Montreal has traffic problem first-class magnitude, the 
terrible incessant and ever-increasing expense which, although may not 
appear the ledger, none the less real. Down-town property values 
especially are deteriorating and business centers are shifting not natural 
extension but tearing away from their moorings and leaving dilapidation 
and decay behind, while new high buildings are going elsewhere, effectually 
blocking even the possibility improvement. Hitherto solution has been 
found for the trouble except the piecemeal, blind, and arbitrary widening 
highly developed main thoroughfares, aggregate cost more than 
$20 000 000, with altogether incommensurate results, and with the effect that, 
owing the dislocation and turmoil the operation, high-class business, that 
capricious jade, has flitted off other regions and refuses return her 
old-time haunts. 

account the small reserve left the municipal treasury, recent 
efforts have been confined frenzied and practically futile endeavors ease 
the situation traffic direction, regulation, and restriction, limitation 
parking privileges, one-way streets, This sort thing nearing the 
end its effectiveness, and the question arises what can done next. 
has been suggested tramway interests that they are the carriers 
the largest number passengers, they should have paramount rights, and 
that least during rush hours motor traffic should ruled off the highways 
and relegated the byways. the other hand has been contended 
the motor people that the their bulk, unwieldiness, and rigidity 
the track, together with their many stops and switching operations, are 
themselves the greatest sinners, and consequently they should removed from 
the surface the streets. 

Strange say, whatever quarrel may exist between these two interests 
they are one their contemptuous and overbearing, “get-off-the-earth” 
attitude toward the luckless and defenseless pedestrian, the most multitudi- 
nous them all. 

The foregoing may taken incidental examples the general trend 
things this mad rush modern activity and enterprise, where seem 
able see and grasp only one side one thing time; where there 
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lack calm and careful deliberation and and conscien- 
tious study cause and effeet; where fail appreciate the position ‘and 
point view the other fellow, and the ‘spirit co-ordination and com- 
promise conspicuous its absence. any wonder, therefore, such 
process there misspent, thwarted, and effort, 
with disappointing, confusing, and chaotic results? 

Perhaps amid all these clashing, warring, and grinding elements compre- 
hensive town and country planning the one clear star shining through 
murky ‘atmosphere, ensuring striving for every interest and every 
individual the approach deal, fair show, and 


maps 
fore, 
draw 


AERIAL SURVEYS CITY PLANNING* 


maps are best suited for city, planning and, next, what way 
may used advantage producing such maps. 


There some regarding the nature and functions 
municipal authorities and their engineers the desire for map 
their produce ‘that will serve the purposes 
plan which lay out ‘work measure contract quantities. 
‘aspects ‘of city problems major details and 
fore, especially suited for plan 


map for city planning may defined compre- 


siderations affecting transportation, population, ¢rime, acci- 


contour interval are best chosen keep the city ‘area 


one paper, or, the area very large; the fewest possible num- 


precision required relative positions objects shown should 


grades for planning the location thoroughfares, sewers, water mains, parks, 


case, and rule. safely that would give 


finally closed, the paper, with discussion in, full, will published 


mactions. 


the 
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lamentable fact that few towns and cities North America possess 
maps answering the requirements the city planner. The plans plats 


found the average city engineer’s office, showing main 
complete consist great many sheets that afford comprehensive over- more 
sight such paramount for intelligent “planning”. Often great deal 1923 
miscellaneous survey data are available the city engineer’s files but 
the absence control co-ordinate systems cannot utilized for con- 
structing map. the majority cases funds and failure the 
part city authorities recognize the importance and value accurate 
maps appear the result, most city maps are done 
not much more than mere skeleton outlines the street plan with pre- trol 
tense accuracy showing buildings and other important detail. 
Brookline, Mass.—Brookline example town that maintains ‘both 
maps and plans sufficient detail and excellence for all municipal purposes, 
The system was laid out about thirty years ago the late Alexis French, 
Am. E., then Town Engineer, and consists the following: 
lithographed topographic map scale 400 ft. in. with 5-ft. con- 
tours, the original which was platted 100 ft. (2) plans qua 
scale ft. in., showing street lines, exact positions buildings, for 
including porch and bay-window projections, and locations sanitary sewers 
and surface water drains; (3) similar set plans showing water mains; (4) 
brought date each year regards property boundaries and buildings; sho 
(5) sewer plats and profiles showing details construction 50-ft. in. 
horizontal and 5-ft. in. vertical scales; and set street plans show- 
ing alignment data. Street lines Brookline are tangents and tha 
curves marked with heavy cut-granite monuments with the ground the 
all corners and points curvature. These monuments serve also bench- 
marks. Where buildings and other objects interfere with their 
This system maps and plans has extremely useful, the 400- ft. slo 
map serving general map which plan, and thie 50-ft. 
for layouts. The topographic map, which principal interest con- 
nection, was made the Town Engineer’s mostly during the 
winter months when the foliage was least troublesome and were 
frozen, being also the time when the services these men were 
almost constant use city officials and real estate developers, and 
“has proved worth many times its original, the topo- 
graphic features range from flat marsh lands scale 
and 5-ft. contour interval, have proved The cost 
making the map pre-war days scale, was about $2000 per 
mile, more than per acre. Mr. Varney survey and map 
similar all respects could not made present for less than three times 
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this amount. cost preparation the various plans alluded not 
plats included this figure. 
main Richmond, Va. City of, Richmond another example 
more recent than the Brookline example. This survey was completed 
deal 1923 about miles immediately surrounding the corporate 
but limits the city, at.a scale 200. ft. to. in, Contours were sketched with 
the was made contract and. required more two years, for its completion 
cost the city nearly $1900 per sq. mile. The work was 
are done the most modern methods ground surveying. The horizontal con- 
pre- trol consisted rigid triangulation net and traverses, the topographic 
work being done with Altogether, remarkably fine piece 
both work that has the requirements city planning for which was 


for the Zoning Commission writes follows: 
street, sewer, and drainage systems, and other common municipal 


engineering also, the fixing grade elevations same and computing 
quantities for cost estimating. This particularly true the case requests 
dings, for appropriation from the City However, under circumstances 
Would attempt use them for the final construction plans 

> 


shown this statement. noted, however, that even this large scale 


map did not dispense with the necessity making separate plans still larger 

purposes. This emphasizes point previously made 

the other can made serve both 

ation with the rapid progress that been made use 
mapping other fields, surveys from the air have been notoriously 

Thi ttributable, large measure, the inade- 

officials and engineers the cost and attainable accuracy. About 1921 several 

the the were photographed from the air, but the resulting 

were maps, which were the mosaic type composed, patchwork prints often 

were 


were scale and proper ground control, did not prove 
especially serviceable. They were, scales too small useful 
for anything except general These early. city maps were largely 
methods and frequently with especial thought, producing 


seale maps directly adapted city planning, or, for any municipal 


the days favored such endeavor for the keeping 
novel thing aerial any scale little cost. 


1352 AERIAL SURVEYS FOR CITY PLANNING 


ruling the War forbade the’ Air from 
extending further this kind, and since then, 
maps and earnest consideration the types aerial surveys for city- 
planning purposes. that larger scales were needed and that 
accuracy was the character the control. 
has for two other types, the! “controlled and the 


Controlled mosaics are continuous photographie reproductions the ground 
surface, nearly possible free from unsightly matching lines and ‘such 
mosaics they are made exercising special bring all parts 
considerable training and experience, and this: applies. with, equal 
the work the pilot who the airplane; the 
work the air and the dark room, and engitieer’s work con- 
are affected more less scale, displatements due perspective, 

any one person become accomplished all three lines. This 
fact will account for the present scarcity commercial 

50% between adjacent flights. the prints have made and 


control, and ratios between successive photographs. 


city ‘nearly level ground accurately and free from dis- 
mosaic under such nedrly superior both 


impracticable avoid ‘slight local ‘due and 
discrepancies due differences ground These troubles 
exposures, that is, those areas that were most under the camera and, 
therefore, least affected ‘and distortion ‘dué tilting the 
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camera,, not all troubles this kind eliminated, 
has rise the criticism that controlled mosaics are only 
considered pictures not maps. criticism entirely unfounded, 
for controlled mosaics have been which scaleable errors could 
‘detected (the aerial map New York, for and unjust 
also because the tacit inference that ground maps are more nearly 
true representations the. ground surface. writer’s experience maps 
both kinds indicates that ground maps rarely possess the accuracy 
claimed. for them, and that the two, the aerial map, average, 
the more The reason that ground- errors are often 
lative and and may affect considerable areas, whereas the errors 
controlled mosaics are always purely local and not affect, the 
leaning tall buildings aerial map. the. tops the build- 
ings may displaced and out their plans shown the 
map are affected 

The Controlled Mosaic. New ork City the most 
York made for the Board Estimate and covers the five 
area more 600 sq. and was delivered 
two separate forms: one-piece, wall ft. square, for 
126 sheets, each in. (35 600 ft. in., covering about 
miles within the official city limits. than 2000 exposures, each 
streets suburban developing water-front facilities, and, in: 

The City New, York did not embark. 
small required intensive, study, Among, these are scale 
mosaic Coney Island, including the boardwalk, the concessions, and shore 

its scale would have, been more advantageous 
than the 600-ft. scale used. However, the area; that, 


mate and advises that the map has all, the 
purposes for which: was intended. 

long by. miles (11 by. the business section Los Angeles, 
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that has found wide for this purpose and has’ proved 


1354 AERIAL SURVEYS FOR CITY PLANNING 


11:30 and 1:30 one day, and simultaneously traffic counts and 
flow studies were made numerous street corners. The mosaic sufficient 
detail permit counting automobiles within any given area, including 
those within the shadows high buildings, and differentiate between 
tionary and moving vehicles. From the information thus obtained definite 
relation was established between the number vehicles within area and 


its evolution from the original aerial photographs into ‘its final form. One 


their rate movement and number passing certain street intersection 
given time. The accuracy this mosaic was such that street widening, spa 
elimination awkward ‘angles and and the possibilities cutting 
through new streets could worked out directly the mosaic, and the 
nature each piece property affected ascertained from it. 

significant that this traffic study and aerial ‘survey were initiated and 
financed the Automobile Club Southern California, and not the 
for problems this kind, rather than undertake map entire 
city scale too small serve any one purpose well. The work making 
the Los Angeles map was contracted for which figure did not include 
the cost insurance against damage property assumed ‘by the Automobile 
Club. The amount, 625, not the cost surveys this 
kind and the writer has learned the parties aerial map 
lost considerable money their contract. 

For most city planning purposes, and especially for zoning, line maps 
are preferable controlled They are prepared transferring 
tracing linen hand, with ink, the more features portrayed 
the photographs, product being all respects similar maps 
pared the standard methods surveying and drafting, but usually more 
faithful and complete the matter detail. may added 
taking into the field map mounted plane-table, better, 
using the aerial photographs plane-table sheets 
the elevations and contours directly then transferring con- 
tours together with other features tracing The latter method 
especially recommended suburban districts ‘where few buildings obstruct 
the surveyor’s view and where stadia may taken. 
With the photographic detail before him the surveyor orients 
conveniently, ‘finds his work sketching and the 
Besides affording map for and purposes, 
made more accurately because all the distortions and: ‘alluded 
normally controlled mosaics, especially hilly country, are 


simple technique and reliable being self-checking, that known the 
method radial control: consists, graphical triangulation 
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worked out from the photographs themselves, using the the 
latter and lines connecting these base. Space does not permit 
describing the radial control method than state that effectually 


throughout the map. Connection thus established with control 


points the ground maintain true scale, and 
referenced the points located radial control. are 
in. apart, usually the case, the map features are 
tied manner that precludes from becoming 
accuracy with which the radial points are located corresponds: the 

The earlier attempts producing line maps included, among other things, 
sketching details ink the photographs and bleaching out the superfluous 
detail This method has been ‘discarded because failed 
correct displacements and distortions and produced maps containing the same 


errors that are found mosaics. For the same reason not advis- 


able prepare line map tracing from controlled mosaic. The work 
tracing always done directly from the original enlarged 
photographs, making adjustments and corrections 

Accompanied the original from which made, 
aerial line map furnishes scope information that cannot equalled 
any other known form survey map. The line map 
itself most convenient base for variety purposes, which enter 
statistics, zoning symbols, and shading, and project new thoroughfares and 
other improvements. ‘The aérial are permanent’ source 
information for détails covering wide range interests. may used 
for studying vegetation, such shade trees for parkways; the location and 
extent different kinds surfacing used street paving; the nature 
buildings; conditions and back yards; exact extent improvements 

made new sub- divisions; that pertains traffic conditions, both foot 
and vehicular; parking spaces yards, and vacant lots; railroad 
terminal facilities; and harbor and water-front problems. 

order derive the maximum value from aerial photographs for such 
studies they should viewed with the aid specially constructed stereo- 
scope. necessary view two different photographs one time, and 
portions these photographs must cover the same ground area. The area 
under observation appears relief, and when the stereoscope properly 
adjusted this relief seén with astonishing clarity. Hills, mountains, wood- 
houses, and even such minor features fences and single trees, ‘project 
upward endowed with third dimension. Valleys, ravines, even 
smaller gulches, appear carved into the earth’s surface. When view- 


parts city this third-dimension effect the greatest assistance 


judging heights the drainage and topog- 
raphy, and between shrubbery. Church steeples, 
factory chimneys, and other tall slender objects come into prominence that 
otherwise would escape notice. Actual differences elevation deter- 
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many respects, aerial viewed this manner, connection 
line vastly more useful than complete controlled mosaic, 
prints is; therefore, especially for use ‘before 
composed non-technical men. The ithe fre- 

produced co-operation between the City London and the Sur- 
measuring north and south west,.on paper cut 
tours are intervals. remarkable scope bear- 
ing municipal matters this map, including, addition 
the usual features, such street, sidewalk, and building the posi- 
of, all bench-marks, trees, manholes, hydrants, 
Conyentional signs are used denote. these features, sup- 
for eontours; green for and blue for water- 
courses. 

because aerial photographs were used for checking the outlines build- 

curbs, other features. The photographs were taken from 

altitude about 5000 ft. and required four. five 
order make direct comparison with the map. possible. The 
photographic projection was rectified fit the sidewalks surround- 
each block, nearly aceurate cheek the position 
the detail the interior each block was 

cost figures are available for publication. the was done partly 
city and partly the Geodetic Survey, which ineluded during the 
summer months number college men who had 

this new form surveying, natural that the should 
and afford criterion to. judge the similar surveys made 
a.completely trained organization. 

that scale one-half large, about 200 ft. have shown all 

the existing map shows with equal clearness and without This 
would have made appreciable difference cost, not the least. part which 
would the reducing the number sheets one-fourth. would have 
been more useful for city planning purposes more comprehensive view 
the city had been given, the present scale, the precise geodetic control data 
not show for what they are worth, but are asset the city 
surveys, especially those highly precise base fundamental 
importance. 
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1 


under one head. Other things being equal, the aerial 


survey on. two factors, namely, the character the ground control 
and the permissible Given sufficient latitude these respects, 
any reasonable limit error practicable attainment. The question 


which are often overlooked, have fundamental bearing the matter. There 
limit the accuracy with which map features can 


controlled mosaic superior this respect the line map. latter the 


their width, which would not considered great defect some drafting- 
rooms, the error thus quite seale. 400 ft. 
for example, ink line linen may easily width 
ft., and the course preparing the map, expansion shrinkage 
the linen may displace such lines equal amount. attempt 


‘in sealing would represent part the same map, longer distance, 


say, 5000 ft., may scaled with greater absolute error, and this would 
represent accuracy part This same map based 
control consisting triangulation having errors part, 
100 000, supplemented by: control traverses having errors not exceeding part 
20000. From may readily seen that highly 
precise and, therefore, costly warranted where merely map 
for general purposes, such city planning, required, because the map 
user who concerned only with the detailed features and not, with the triangu- 
lation traverse which are rarely shown any finished this 
great precision would completely lost, Only where city needs cadastral 


order fix the exact positions high-priced property boundaries 
precise control worth, its 


The best form control for use constructing maps, whether 
varied suit considerations cost and fairly level ground, 
traverses intervals, and even 1-mile intervals, will suffice, the 
graphical control derived from the aerial photographs being amply accurate 


rolling ‘terrain, should -bé shorter intervals, and for 
rough topography every street may require not necessary 


this control before taking the aerial photographs. Often, better 
make the exposures and select from the photographs, objects 


such edge curb, street-car hydrants, permit 
ready identification both photographs and the ground and that 
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will serve control points where most construction the map. 
Because the overhang roofs and_ photographic displacements of. tall 
buildings, traverse lines should not made follow building Edges 
curbs and street-car rails are the most convenient lines follow. any 
event, traverse points. should referenced system co-ordinates before 
This serves to. eliminate errors drafting, the traverse 
data value for use other city surveys. 

With reference aceuracy city, planning maps, eminent authority 
the late Nelson Lewis, Am. Soe. E., made the following statement 


“Great accuracy unnecessary the earlier city planning. 
might well also emphasize the fact that planning new territory 
mistake make the first plans great detail. The essential thing 
the general character the plan which should logical 
manner, and that done with the existing topographical conditions 
basis, the plan cannot well spoiled the subsequent elaboration detail.” 


ENLARGEMENTS 


are material assistance making detailed 
studies given areas, and are best made directly from the original negatives. 
For somé purposes part completed map may satisfactorily 
placed enlarging camera. not advisable case enlarge 
two greater ratios cause the. definition become 
impaired. Working from the original negatives greater ratios are feasible and 
fuzziness the resulting from their appearance and does not 
promote ease scaling dimensions. The only advantage gained 
producing maps large enough permit entering the names lot owners, 
dimensions, and other data. more than three 
diameters good clear map the objective. 

Considerable cost may saved making the exposures small 
such 800 1000 ft. in., and constructing the map enlargement 
400 ft. in. the number photographs required given 
area varies inversely the square the scale, proper will often 
the for the cost within budget limits. 


This important subject, the. city zoner usually 
requires many copies for his makes reproduction 
simple matter for line maps tracing linen, Mosaics, the other hand, 
require reproduction photographic process, this usually much 
place restrictions the number copies that Where large 


numbers copies are desired, the should resorted to. 


New Aid City Planning,” American City Mareh, 


q 
‘ 

q 

q 
q 
7 
q 
A 
q 
q 7 
J 
— 
2 
a 

. 

— 
= 
| 
| 
| 
4q 


Papers. AERIAL SURVEYS FOR CITY PLANNING 1359 


This requires the making special cost per 
down, nominal price. 

commercially made negatives. These measure possible 
make blue-prints from these negatives., Such, 
often lack definition, howeyer, not for 
making, enlarged from the done successfully, and saves 
cost. hoped that time goes on, and aerial mapping 
further developed, better and cheaper processes reproduction will evolved. 


Maps 

Many city planners and engineers have been disappointed the high cost 
aerial surveys, because most people are inclined under-estimate the 
difficulties involved aerial map construction. has been stated, special 
appliances and highly trained personnel are required this work, and the 
taking photographs limited perfectly clear days. suitable day 
occurs, average, once seven for the greater part the United 
States. 

The principal factors affecting cost are: scale; (b) size area; (c) 
shape area; (d) distance nearest landing field; degree accuracy 
required; and (f) amount enlargement, any. Contract prices for aerial 
maps are rule lump sum figures which all the factors surrounding 
given case have been taken into account. Prices per square mile acre are 
rarely quoted. Ordinarily, ground-surveying operations establish control 
and for contours are executed the city engineer’s staff. the 
staff can handle such work advantage, cost may saved over having these 
phases the work done contract. will seen from the foregoing con- 
siderations that not practicable state definite costs aerial maps. 
Roughly speaking, first-class controlled mosaics cities cannot made for 
less than $100 per sq. mile. The various factors mentioned may affect the 
cost several hundred per cent. some cities the difficulties obtaining clear 
pictures account smoke dust are considerable, and this will materially 
affect the cost. 

spite their high cost, aerial surveys are appreciably cheaper than 
ground surveys, assuming the same accuracy and completeness detail 
either case. They possess the inestimable advantages saving great deal 
time over the older standard methods surveying and drafting, and fur- 
nishing completeness detail and information that not obtainable 
any other known processes. aerial map city, once properly made, 
easily kept date re-photographing from time time such areas 
are rapidly developing, and permanent record thus obtained that has 
distinct value its own for statistical and legal purposes. 


AERIAL 


Taken conjunction with mosaics line maps, oblique photographs 
(taken angle with the vertical), are decided value city planning 
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work. ‘They’ ate usually taken from flying low 
altitudes and show surprising amount detail character 
buildings, such number stories, whether residence, store, office, garage, 
factory, cannot gleaned from vertical aerial photographs, 
such are the construction maps. Oblique photographs are, 
not but the advantage covering large areas and 
inexpénsive. For use and hearings they are 
great practical value. connection planning parks public 


playgrounds, wherever architecture required, are more 
useful than maps. 
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the St. the; varying proportions, 
depending the stage the rivers and the prevailing 

The St. Lawrence River water rather hard, having average alkalinity 
The Ottawa River water soft, average alkalinity about 
parts per million very slight permanent hardness. 

The population served two independent corporations, the City 
Montreal and the Water and Power private company, 


water supply from the above the Lachine 
Rapids. Water from both shore and mid-stream intake conveyed through 
84- -ft. concrete miles long; the Filtration Works 
about 000 000 gal. per day during the last few years the City has 
the enlargement ‘the! Montreal Canal obtain water 

bridge and ‘three head- gates, each wide and -ft. gates 
are counterweighted and are winches The 
course supply previously mentioned ‘and below the 


Written discussion this paper will closed with the December, 1926, Pro- 
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Filtration Filtration Works, designed for nominal daily 
capacity 50000000 gal. (Imperial), was first placed service 
The plant includes low-lift pumping station; sixteen pre-filters, each having 
net sand surface 1200 sq. ft.; sixteen final filters each having net sand 
surface about 16000 sq. ft.; and two filtered-water basins, one having 


capacity 000 000 gal., and the other, recently constructed, having capacity 


20000 000 gal. 

The pre-filters are cleaned reverse flow air followed low-rate 
water wash, and the final filters are cleaned washing machines which run 
longitudinal tracks each bay. These machines operate without lowering 
the water above the sand. They rake and wash the sand any depth 
and leave the sand bed clean, uniform, and uncompacted. 


The following tabulation shows the average characteristics raw water 
for 1924: 


Average Results Operation for 1924.—The pre-filter effluent had tur- 
bidity parts per million and contained 1700 per cu. The 
final filter effluent had turbidity parts million and contained 163 
bacteria per cu. cm. 

After sterilization by. chlorine the water leaving the Works 
contained 6.5 bacteria per cu. cm. chemicals other than the chlorine for 
the sterilization the filtered water used this plant. 

The percentage wash water, was. follows: 


The following tabulation the cost operation per 000 000 gal., for 
Imperial. United 
$0.14 


Pumping station ......... 0.48 
Building and 0.07 


New Pumping Station.—This station directly 
ing the wall the new 20000 000-gal. filtered-water basin from which the 


j 
j 
ag 
be 
] 
| 
2 


Papers. WATER SUPPLY SYSTEM, MONTREAL, QUE., CANADA 1363 


pumps obtain their supply. The pump-room arranged for six motor-driven 
having centrifugal pumps having unit capacity 000 gal. per day, against 
net sand total head 250 ft. 

The electrical rooms contain transformers, switching gear, and other 
capacity equipment required for receiving the 10500-volt alternating current and 


stepping down 2200 volts for the main pumping units and lower 
for other uses. The building also includes machine shop, several 
store rooms, and the offices the Montreal Water Board. 

This station arranged for future extension include six additional 
day pumping units and their necessary appurtenances. 
The pumps discharge through 36-in. pipe into 72-in. riveted steel headers, 
each which adjoining building, known the Distribution Control 
Building, divide into two 48-in. foree mains which become the main arteries 
the City’s distribution system. 

Lachine Canal extension the 48-in. force mains from 
the Low-Level Pumping Station the city difficult and expensive because 
the necessity crossing under the Lachine Canal. 

The crossing Wellington Street includes two reinforced concrete shafts, 
ft. diameter and about 105 ft. deep, that the concrete connecting tunnel 
which about 300 ft. long solid rock. This crossing designed 
include one 48-in. and two force mains which throughout the crossing 
are riveted steel pipe. the north side this tunnel, the 48-in. cast-iron 
main being extended toward the east side the city. 

City Reservoirs and Booster Pumping City Montreal 
has large storage reservoirs, but generally supplied direct pumping, 
and the several reservoirs serve pressure equalizers rather than storage 
reservoirs. 

The largest these reservoirs the Reservoir, holding 000 000 
gal. This reservoir controls the head the pumps the Low-Level Pumping 
Station. The Peel Street Reservoir the mountain holds gal. This 
reservoir receives its supply from booster pumping station 
Reservoir. 

The highest reservoir the city the Cedar Avenue Reservoir which 
holds 200000 gal. This reservoir receives its supply from the Peel Street 
Reservoir means booster pumping station Cedar Avenue. 

the west end the city there are three tanks holding 100000 gal., 
which are supplied booster station Madison Avenue. the east end 
the city the Papineau Pumping Station serves increase the water 
pressure this district. 

Water Consumption—During 1924 the daily average output the 
municipal plant was 600 000 gal. (Imperial), which includes 200 000 gal. 
filtered water and 400000 gal. sterilized raw water. The per capita 
consumption between 135 and 145 gal. per day. The water supply not 
metered except for manufacturing plants, laundries, etc. 

Present-Day recent completion the Montreal Aqueduct 
Canal has brought the site the Filtration Works and the Low-Level 
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pumps operation, the pumping capacity will adequate years and 
with extension house six 000 future 

The laying the first the six advaneed and 
The remaining force mains will exténded 

Have recently been made available extending: filtration work, 
basins and rapid sand The water supply will! obtained 
from the Montreal Aqueduct Canal and will flow 

Construction 1920; the City: the 
improvements the water supply system City Montreal. 
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Grit Chanibers for Treatment 


British Practice the Design Grit Chambers ‘or Detritus Tanks. 
Grit Chambers German Sewage Purification Plants. 


Presented the meeting the Sanitary Division, Montreal, Que., Canada, 
October 15, 1925. 
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GRIT CHAMBERS FOR SEWAGE TREATMENT WORKS 


This paper concerned with emphasizing one phase grit-chamber 
design, namely, the possibility obtaining deposited material sufficiently free 
from matter use for non-offensive filling. Experiments con- 
ducted Cleveland, Ohio, with this end view, are quoted; also two major 
installations are described wherein the desired object has been attained. 


Grit CHAMBERS 


which find their way into sewerage systems, and 
particularly into those the combined type, must generally removed from 
the sewage economic and satisfactory treatment desired. Grit removal 
therefore becomes preliminary other and more elaborate stages the 
general process and applicable practically all methods sewage treat- 
ment. the early life some sewerage works, the grit-chamber treatment 
has been omitted, especially when the separate system sewers used. Note- 
worthy for such omission are the installations Baltimore, Md., and Colum- 
bus, Ohio. However, recent and critical studies separate systems 
are demonstrating more and more that grit-chamber treatment is, nothing 
else, precautionary feature that justifies its inclusion the process. Grit 
chambers also serve safeguards the operation pumping machinery, and 
permit moving equipment, such valves and gates, function properly. 
They prevent deposits siphons and other parts sewerage works ‘where 
removal would laborious and expensive, and they further permit more 
efficient disinfection either crude partly treated sewage. However, 
probably more important than these the fact that grit chambers provide, 
relatively small cost, satisfactory means for removing the inorganic sub- 
stances that enter sewerage systems. 


Wuar 


There probably misconception what grit actually is. The standard 
definition the American Public Health Association that “Grit the 
heavy mineral matter deposited from sewage”. However, the material actually 
obtained grit includes not only the inorganic substances sewage—the 
detritus English terminology—such sand and cinders, but also more 
less inert matter, such coffee grounds, fruit seeds, and, late years, 
mash and similar substances. Tar products are also often present. addition 
these materials, which may regarded proper constituents, has been 
general experience that grit usually contains more less organic matter 
which belongs the sedimentation tank. The presence such material 


Cons. San. Engr., Cleveland, Ohio. 
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affects and complicates the ultimate disposal the grit. This paper 
largely concerned with efforts deal with the problem reducing this content 
acceptable proportions. 


Grit CHAMBERS Prior 1910 


i 


Grit chambers were general part early European treatment works. 
Dr. Dunbar* points out, they probably developed consequence deposits 
the gratings used sewage pumps. 

the development treatment processes, that the 
importance assigned preliminary removal inert solids varied with the 
type treatment, Broad irrigation projects found little advantage grit 
removal. Conversely, the designers chemical treatment works were likely 
include grit chambers essential feature the plant. With septic 
tanks and the early sedimentation tanks, practice was far from uniform. 
quite evident that lack basic data prevented determination how 
grit removal was related the general problem sewage 
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true, however, that generalization prone ignore local factors 
which may have led designs for which reasons not now appear. 
noteworthy that the omission grit chambers Columbus was based 
elaborate experiments large working units. 

Despite the absence any marked trend grit-chamber design during 
the early years, interesting observe the variant views engineers 
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reflected, installations German English plants.of the middle 
Nineties. the forms are shown Fig. practice. appears 
have ignored the problem have regarded grit chambers minor 
feature warranting little expense for_construction. 

was natural that the greater ‘subsidence and the treat- 
mental study grit-chamber ‘and Phelps 
1909, conducted experiments critical The extensive experi- 
ments Johnson Columbus 1905 have been referred to. Germany 
Schmeitzner ‘arrived conclusions regarding proper 
velocity flow, slopes, and form chamber. The Royal Sewerage Commission 
England suggested desirable detention. 

The mechanical removal receive considerable attention, and 
noteworthy that present-day practice marks decided advance this 
respect over the early works. these are 
found the chained buckets Manchester, and the traveling crane 
Germany. the smaller plants, the chief reliance was 

summarizing practice prior 1910 one finds investigation and 
experiment, but ‘generally theré appears have, been consistent con- 
tinuous appreciation the proper grit chambers. this 
probable that the often putrescible character the deposited material had 
much weight. Indeed, his Winthrop Pratt, Am. 
Soe. E., 1908, Kimberly* ftom thirty-eight 
plants Ohio that were the septic 


Treating the sewage the major sanitation problems 
the United States. When the program improyement was initiated, the 
lish with some certainty the. aceomplishments and costs various methods 
sewage their local City under- 
took extensive ‘liter work in-a Study sewage 
treatment methods, noted that this work was 
done relatively comparison with both the cost the sewerage 
and the amounts elsewhere for similar purposes. 1912 
the, structures for the Main Station were designed, constructed, 
made for continuous operation. These investigations the 
satisfactory economical method for treating the Cleve- 
more one year. The results this investigational ‘work were compiled, 
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various types tanks, roughing filters, filters, and 
sludge treatment, particular stress was on, grit 
chamber and especially one that produce suitable 
necessity obtaining suitable and grit, the idea 

original grit chambers (Fig. 2), through the 


Testing Station, were operate velocities about ft. per min. This 


accordance with ideas then obtaining, but the. chamber 
was constructed allow for any, that desired. 
were directed mainly, the the end affect- 
ing quality the material 
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the rate deposition, particularly during periods of. storm. The 
sions reached from the experiments may summarized follows: 


grit was always present combined system sewers: 

2.—That grit could effectively removed inoffensive material, suitable 
for filling purposes residential sections. 
—That inoffensive, the grit should not contain the average, more 
than 15% volatile matter. 

4.—That with average detention period dry-weather 
flows, approximately 0.6 cu. yd. grit per 1000000 would 
deposited, and that would increased 0.7 cu. yd. storm 
flows. amounted approximately 0.6 ton dry material per 
gal. 

5.—That with velocities varying from grit proper 

character, suitable for fill without causing offense, ‘would obtained. 


significant that the results obtained from the permanent grit-chamber 
installations Cleveland have practically substantiated these conclusions 
except the quantity grit deposited per unit dry-weather sewage. 
The first conclusion regarding the general presence substantial quantities 
grit has not been fully established, not been disproved. regards 
the quantity grit which would deposited, the permanent installations 
indicate that the experimental results were too high, least, far 
normal flow concerned. Probably one the reasons for this that the 
sewage intake for the investigations was too near the bottom main 
trunk-line sewer which velocities flow were relatively slow and deposits 
grit were likely and accumulate. 

The following quotations are general import and emphasizé particular 


was evident, making the various runs, that the entire amount 
grit retained the chambers, approximately two-thirds was deposited the 
first inlet half the chamber, therefore determining the weighted 
averages for the volatile matter, the three assumed sections the chambers, 
inlet, middle and outlet, were given weights three, two and one, respectively. 
grit deposited the outlet section may contain volatile matter 
fifteen per cent, but when the quantity taken combination with the 
total, the whole not objectionable provided the average less than fifteen 
per cent. Certain runs given Table No. [of the Report Tests] are 
selected because thought that they represent what the grit chamber actu- 
ally accomplished. was found that when the total deposited exceeded 
certain amount, grit was carried beyond the chamber, therefore, all the runs 
are omitted which this condition occurred. 

methods were used measuring the volume grit 
July the quantities were determined measuring the depth the 
grit the chambers. After July special box was mounted the side 
the chamber and the grit was measured this after had been allowed 
drain. was found that the results obtained measuring the grit 
the box were about per cent. higher than those obtained measuring the 
grit the chambers. The quantities recorded Table No, [Report 
were determined from measurements the grit the chambers. 

“Krom No. [Report Tests] evident that with average 
detention period approximately fifty seconds during dry weather flows there 
cubic yard grit per million gallons flow, and during 


Report Tests Sewage Testing Station, City Cleveland, 1914. 
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storm flows, 0.70 cubic yard per million gallons flow. removal 
0.54 and 0.63 tons dry material, general, 
velocities less than feet per minute not produce the proper grade 
grit and the 25-ft. chambers velocities sixty feet usually carried 
some material which should have been deposited.” 


Demonstration Grit CHAMBERS CLEVELAND, 


Experiments conducted the Main Testing Station during the original 
investigations 1913 and 1914, indicated that the fine process 
some particular advantage the Westerly site Cleveland, and 
that certain fundamental features the screening process could not thor- 
oughly studied except with the sewage treated. The idea, therefore, 
testing sewage screen substantial proportion was line with definite 
recommendations and provided for determining, actual tests, the most 
satisfactory and economical process partly treating the sewage the 
Westerly site. conjunction with the screening plant, was necessary 
build two full-sized grit chambers (Fig. 3). 


SECTION A-A 


OHIO- 
DEMONSTRATION-GRIT-CHAMBERS 


SCALE FEET 
0 5° 0 2 


the time constructing these demonstration grit chambers the 
Westerly interceptor discharging this site served population estimated 
(1916), and furnished the sewage which was treated these cham- 
bers. entering this plant, crude sewage first passed through one set 
bar gratings, situated the flow channels the entrance the grit cham- 
bers. These gratings were prevent large objects such boards, pieces 
wire tin, rolls paper, from reaching and interfering with the opera- 


| 


GRIT FOR SEWAGE WORKS 


tion the fine screens, valves, control the The 
them passed either two grit chambers, one which was into 
two parts, upper flow section and section. 
other chamber had bottom with four hoppers into the grit was 
deposit and from which was expected demonstrate the removal the 
deposited grit ejectors without sewage flow. Both cham- 
gal. hours. The length permitted detention 

Operation. —In the operation the demonstration grit chambers 
attention was given the satisfactoriness certain special unusual features 
grit-chamber design. These may listed follows: (1) Hoppered versus 
flat-bottomed chambers: (2) control’ entrance and depositing 
(3) removal grit ejectors. 

experimental work was found that grit would notdeposit 
uniformly entire length chamber, and that the grit 
deposited portion contained excessive quantities organic 
matter. occurred even when the grit the outlet end the chamber 
was being washed supposedly the sewage which passed: over 
Although this cleaning action must certain extent, fact that 
large quantities organic matter become entrapped deposit- 
ing grit, especially just after cleaned grit placed operation 
where the effective velocities are relatively low. This action increases the 
content and the nuisances the disposal such grit, 
and practice difficult prevent. The washing action that supposed 
with the use and the operation flat-bottomed grit chamber 
more than real, especially when the grit-removal problem viewed 
residential districts. this lack washing which suggested hopper- 
bottomed grit chambers the writer, particularly since the washing 
releasing action may brought about causing sewage with grit pass 
over series pockets. way the grit would released deposited 
when over the pockets and the sewage and grit given stirring action when 
through restricted sections between the pockets. While this 
idea fundamental the use hoppers pockets for grit chamber there 
are other factors, especially that simplification the cleaning problem. 
However, these several viewpoints brought about the installation the two 
types bottoms the demonstration plant. Observations the operation 
the, alternati types and ‘of qualities grits collected therefrom verified 
the reasoning given and led the acceptance bottomed 
bers for later installations. There was way, except watching the deposits 
the open outfall leading from the plant, determining 
not some grit was passing the chamber, which ordinarily should have 
deposited, other words, was believed some instances safer 
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chamber, but there material difference the practicability 
taining theoretical velocities grit chambers rectangular cross-section. 
This true, because the cross-sections ‘rectangular grit chamber 
otherwise, is, therefore, the opinion that 
hopper-bottomed grit themselves more readily toward producing 

necessary obtain with treatment certain limiting 
the entire and width the, chamber this 
each grit chamber the. demonstration plant, separate 
the. sewage enters the chamber, Although the writer 
aids further distributing ,evenly the incoming 

In, starting the operation the, plant, the grit 
chamber, was divided into compartments, flow section and 
lower deposition section. The flow section was formed the 
vertical side, steel plates and hanging that con- 
chamber and thus the flowing sewage from the deposits the 
To, the best the knowledge, there was never any 
moving regulating, these vanes accordance with the fluctuation the 
flow, might have possible. Operating results showed rather 
the sewage, entrapped behind the, yane and above the grit deposits, settled out 

Sand were, the bottoms the four hoppers and were 
operated city water pressure. The material thus ejected was deposited 
idea that the, grit, chambers might sewage was flowing 
factorily, the sewage must fine-screened the chamber, 
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This idea, which appeared promising the beginning operations, 
proved useless the final designs. Eventually the grit chamber with the 
four hoppers had the second and fourth hopper 
form chamber that resembled many respects the two hoppered chambers 
finally used the designs for the Westerly and Easterly Works. The 
ticability using two hoppers was demonstrated this plant. 


Grit CHAMBERS 

Quality the outset any design, advisable fix 
the desired quality the grit deposited, quality meant the pro- 
portion organic content that may safely carried. This determination 
largely local, with the ultimate disposal the material prime factor. 
Where sites are remote and secluded, the limits need not rigid 
where residences adjoin and where dumping areas are low 
organic limitation may result the passage the finer grit later processes, 
and there must included appraisal the effect such material 
these modes treatment. Cleveland was judged that organic con- 


tent 15% provided balance, but this percentage not applicable 


generally. From the desired standard quality there results velocity limits 
which can translated into terms the cross-section and number grit- 
chamber units. This last also function the extent and range flow. 


Multiplication channels essential adequate control, but the practical 
considerations and the construction expense must also heeded. Also, the 
fluctuation any one unit must not extreme. The the chamber 


fixes the detention period, which under normal conditions may set 
sec. for average flow. 

Quantity quantity grit for which storage must pro- 
vided fixed meet the demand. The cleaning cycle 
and the number units held reserve also affect this. maximum rate 
deposit may well determined experiment, failing that, the 
conditions which obtain sewer outfalls. distinctly variable 
established from considerations terrain and development, and also the 
light the extent and the velocities the tributary sewers. Combined 
sewers, course, will yield results different from those which apply so-called 
sanitary sewers interceptors. The Cleveland experimental maximum 
0.7 cu. yd. per 1000000 gal. seems entirely too high for interceptors 
from combined sewers. Where the extent cleaning equipment must 
determined, the area for dumps, local experience eu. per 
1000 000 gal. suitable figure. 

lengthen the winter-time intervals between Any for 
this must reflected the storage space. 

Depositing work Cleveland has not 
available data concerning velocities deposit. the the 
lower velocities—proximate ft. per min.—were quickly abandoned. 
Successful operation was obtained the practical ft. per min. 
These figures accord with usual practice. 
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ations, 
the 
floor, 


further both the length travel (detention period) and 
the depth sewage are effective determining the rate grit 
the matter depth there must climinated what Frank terms the “lower 
zone which the settling sludge particles may 
Cleveland, this factor apparent the Testing Station 
where the tank bottom was raised from depth ft. the inlet end 
installations were built with channel depths from 3.2 5.55 when 
carrying daily flow gal. contradistinction these channel 
depths are those which range from 6.05 ft. below maximum 
water line. 

dent the size the installation. For small plants which duplication 
units has been provided usually most economical depend hand- 
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cleaning. such cases the chamber by-passed, the water removed from 
the grit through the under-drains, and the materials shoveled into dump cars 
icable Wheel-barrows and hauled the spoil area. 

larger installations found more economical use some type 


equipment that not only requires- less time and labor but also 


permits the cleaned while still operation. Among the 
ctical Vatious mechanical devices used for such purposes may mentioned (1) 
the eductors; (2) bucket elevators; and clamshell buckets mounts 
and ease control led the adoption Cleveland clamshell 
mounted monorail and controlled from cab, which moves with 
the bucket. From operation standpoint this particularly convenient 
rate operator over his bucket all times, and can readily guide dump- 
the ing, more particularly when entering the relatively narrow compartments and 
both plants the monorail formed into loop, which passes over 
the pits and which the industrial track that carries the cars 
bined The operation the bucket electrical. 
Features review the installations the Easterly and 
Westerly Plants shows more the way equipment than usually found 
ptors the grit-removal portion sewage treatment works. Such devices 
sluice-gates, drains for supernatant sewage dewatering tanks, and 
per under-drains for seepage from grit are use. These features may not 
essential, but they conduce greatly operation and the ready control 
which are attributes the installations here described. The 
bar gratings each unit may affect the labor cost for cleaning, but are 
regarded desirable ensuring even distribution flow. 
The Easterly Sewage Works forms one three major units 
min. intended care for the sewage Cleveland. serves the larger part the 
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form, the 1913 experiments and from subsequent 
large-sized They include flow channel and twelve grit- 
ft. long from entrance gate overflow weir. The grit 
the bar gratings 8.84 ft. the building, 121 ft, 
covers the whole nest grit chambers complete 


From Spillway Chamber 
and 
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SECTION B-B. 


.. =} Uvertiow Chamber 


Bldg, ahd 84” Outfall EASTERLY SEWAGE 


The notable features this installation are the channels, 


channels, gates, for. dewatering the 
and draining the pits are also scale appropriate 
The building substantial, heated, ‘and well 
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monorail system, loading into industrial 

The Easterly Plant was designed serve population 575000 
with average dry-weather flow gal. daily. Each grit-chamber 
unit proportioned for flow.of from 12000000 24000000 gal. daily; 
all were Operation, the maximum flow capacity 
these chambers would 288 000 

The designed velocities ft. per sec. and the detention 
period the maximum period being min. when the lower velocity 
oceurred. The grit storage space cu. yd. per pair hoppers about 
equally divided between the and down-stream parts the chamber, which 
means total provision 156 cu. yd. all grit chambers. addition 
the pit capacity, there available gross, about 243 yd. space 
below the flow line the outlet channel. Under maximum storm-flow 
conditions the available per 1000000 gal. would roughly 1.38 
cu. yd., and the number chambers: effective reduced this figure 
decreased roughly cu. yd. 

The works described have been use the 
records the data Table have been taken. This information was madé 
available through the courtesy Ellms, Am. E., under 
whose general direction the sewage treatment Cleveland now 
operated. 

limiting days are end dates and represent the terminations periods 
which averaged perhaps three days, but many cases. lasted much 
longer. This fact will for some the variations. Others may 
ascribed storms unusual and duration, whieh 
during the summer 1924. 

storage capacity. During the years this record, the range was from 
average period between cleanings was about days. The average yardage 
removed cleaning represented about two-thirds the total storage 
capacity the pits, and the maximum exceeded the total pit capacity. 

The records kept show little regarding what may termed the intensity 
The periods July, September, and October, which: show 
deposit, are those which cover certain heavy storms 1924. 
indeed expected that entrainment grit would variation 
somewhat similar that shown representing storm intensities and 
time duration. would necessary, compensate other 
items, including antecedent periods drought moderate rains. ‘Table 
does not enable the determination such maxima, but the average values 
0.26, and 0.27 cu. yd. per 1000000 gal., noted for the peaks, give 
rise the suspicion that the Cleveland Testing Station was not much out 
line fixing 0.7 cu. yd. per gal. value appropriate storm 
flows for detention. However, comparing the Testing Station 
data with those operation, there apparent quite wide discrepancy 
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TREATMENT, WoRKS. 


ANALYSIS. 
Down 
Apr. 4Apr. 10, 82.5 0.120 
May 19-May 420.7 0.102 
May 6-May 1215.2 0.069 
May 20-June 111 658.6 0.067 
July 15-July 206 780.5 
Aug. 1-Aug, 19, 1925 186 380.2 12.7 24.1 
| i 
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the dry-weather deposits. the Testing Station 
weather intervals that 0.58 yd. was obtained for gal. 
sewage. This figure comparable that 0.077 cu. per 1000000 
gal. given after the latter figure compensated 
discharge Suspicion attaches the experimental quantity because 
unit 0.7 yd. per gal. 

The data Table are numerous, but define 
the character the grit regards organic content. The segregation into 
“Up Stream” and “Down Stream” signifies samples obtained from the 
thus From this standpoint marked difference between the 
two deposits, verifying what might readily anticipated. The grit from 
the hopper below the limiting value fixed 
experiment rough border line inoffensive and offensive The 
material from the down-stream hopper: considerably above the desired 
per may noted that the moisture content the 
two grits indicates that the down-stream material shades off toward sedimenta- 
tion tank sludge. probable that average these two samplings 
would approximate 18% the volatile and combustible content. any 
which materially affect the relation volatiles physical 
offense. 

The derived from study’ the the 
the ‘anticipations design’ that the type works herein described 
generally’ ‘acceptable manner. Future’ this 
the down-stream grit. ‘Careful control, however, must factor 
design contemplates sustained through the multiple 
compartments. 

estimate the cost enters into the determination. 


tible 
age. 
stream, 
10.39 
7 


terms of, maximum daily capacity, the grit chambers and essential 
appurtenances cost $1,245 per gal. sewage. This amount includes 
sereens, grit, chambers, 


The second the three major works now planned, Cleveland situated 
the lake front West 58th Street. This plant, built 1920, ineludes 
grit chambers preliminary sedimentation two-story tanks. 
fection during the bathing season and dispersion into Lake Erie 
features this plant. 

The grit chambers the Westerly site quite similar the, larger 
installation the East Side. The grit are four 
number, two pairs, divided dry-weather length of. each 
ft., and the ft. The pits are ft, long with, 
maximum water line for the up-stream pit. The down-stream pit 
but in, higher. These chambers building placed 
over the bar screens and the controls, Cleaning includes mono- 
rail loop from which electrically car with clamshell bucket can 
reach each pit and can dump into industrial cars which run the dump. 

design data the Westerly. Works include 
000 gal, daily for unit, giving total 
maximum capacity 96000000 gal. daily. The average dry-weather flow 
for this plant 36000000 gal. daily. The planned velocities were from 
0.5 ft. per sec. and the detention period Pit storage for grit 
aggregates about Above the pits the sloping floors capacity 
for cu. yd. additional. The total grit is, therefore, about 
cu. yd. per 1000000 gal. the maximum storm rate flow, and 0.8 
cu. yd. one chamber out operation. Also, this capacity 
the up-stream part the contrasts with provision 
the Easterly Works about 1.38 cu. yd. per 1000000 or, roughly, 

Operation presents operating records the, Westerly Plant 
period months 1924 and 1925. These data check closely those 
given the record Easterly operation, Table the East Side Plant, 
926 days’ operation yielded 0.077 cu. yd. 000 000 sewage. 
the Westerly Plant, 609 days’ operation 0.074, cu. yd. 000 000 
gal. The maximum deposits are not necessarily susceptible comparison, but 
the plant reach peak 0.27 cu. yd. per 1000 for day 
period, while the Westerly Works showed cu. yd. per 000 gal. during 
6-day period. passing, might noted that, ‘the 
peaks occur during similar periods both plants, plant shows unique 
features. This might expected from two sites about miles apart. 

The few analyses the Westerly Plant show considerable retention 
combustible tar With these discounted, the organic content 
the grit both pockets low and unexpectedly similar both up-stream 
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and down-stream samplings. ready and certain explanation can offered 
differences the analytical results the two 


SEWAGE TREATMENT Works. 


Grit re- Sewage Volatile and 

yards. gallons. gal. Date. 


Period run. Days. 


Down 
stream, stream. 


Aug. 2-Au 85.0 0.155 
Feb. 28, 5.5 167.1 0,033 
Mar. 107.1 0.187 Mar 10.1 +51.9 
8-Mar. 17. 187.8 0.082 +61.7 +71.1 
May 18, 896.1 0.061 9.9 6.3 


July 10-July 13, 109.6 0.155 14.0 
July 14-July 247.1 0.214 10.6 11.4 
Aug. 27- -Aug. 31, 5 ll 112.5 0.088 6.9 


Tar present. 
Tar and mash present. 
the presence tar and’ mash. 


true that the Westerly Plant offers theoretic detention, but, 
the other hand, the chambers the Easterly Plant were operated closer 
their rated capacity than those the Westerly Plant. probable that 
they provided the greater velocity. More probable than cause 
appears variation lengths and arrangements the sewers tributary 
each plant. possible that the Easterly Plant, with its larger area 
and longer sewers, receives its wastes condition wherein bottom-dragging 
grit has entrained more the results organic decomposition than appear 
the relatively fresher sewage the Westerly Plant. This not conclusive 
but suggests feature that must considered 
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between the the two plants. quite clear that the grit 
chamber the Westerly Plant rejects fine material which deposited 
the chamber the Easterly passes over into the 
Imhoff tanks and there becomes the lowest stratum sludge. Thus far, the 
presence this silt and fine grit has not affected the tank operation adversely. 
the standpoint fulfilled design, the results the Westerly Plant are 
quite satisfactory. 

subdivided follows: 


$92 300 


Bar gratings and grit $38 700 
Disinfection 500 
Buildings 
Parking 
Miscellaneous 
600 


the total, perhaps $72 900, sereens and grit 
chambers and appropriate building and land items. This amount 
$760 per 000 000 gal. maximum 


This paper has been prepared develop phase sewage treatment 
apparently has little attention. The writer has 
establish the possibility extracting non-offensive solids from the sewage and 
this the manifest advantage subsequent stages the treatment 
That this can done reasonable expense the experiences Cleveland 
seem show. Whether expenditure the grit chamber other point 
the plant yields the better results.is for local determination. 
matter proper balance between cost and results. 

would idle expect any standardization from the 
two plants. Indeed, should clear that the interception grit has perhaps 
local variability the settlement organic solids. Earlier ideas 
grit-chamber design required the simple main sewer 
channel, resulting diminution velocity, and consequent deposit solids. 
Duplication units was facilitate cleaning. The Cleveland 
design provides considerable number narrow chambers available for 
progressive use with increase flow. proper and 
velocities are thus kept closer those desiderata, and there more 
exact selectivity deposited material, The inclusion ‘of addition 
meeting condition design, enables economic cleaning. 
ever, they would equally convenient for 
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with the writer associated has had the privilege 
reviewing the work considerable number engineering the 
situations dealt with are almost diverse the engineering offices reporting 
upon them. the layman sewerage system concrete idea; 
the sanitary, engineer responsible supervision municipal works the 

The sewage. which has been sewered many years has 
very dissimilar grit content from one which the sewers have just been com- 
pleted. The character the older system also leaves its mark. Some Cana- 
dian towns continue drains the system. There further prob- 
lem thé extent which storm water enters the system, whether from roof 
and cellar drains from the streets. Whether the storm water brought 
the plant diverted relief sewers also 
the grit the disposal 

Table shows few figures from the 
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The data Table fell whole ‘story, one the 
plants, that Guelph, periodic storms introduce higher velocities the grit 
chambers, which have the effect flushing the deposits into the forepart 
the aeration chambers and also disturbing the grit that has settled the 
outfall sections the sewerage system itself. The data relative organic 
content the grit given Table are merely the opinions the engineers 
responsible for supervision and they are not laboratory: determina- 
tions. will also noted that there wide variation due 
the several factors referred previously. 

The problem designing not one reddily solved using 
the weighed average American, Canadian, Continental practice. can 
only solved having due regard local conditions, taking into considera- 
tion the various factors problems which have intruded into the general plan. 
The figures Table showing how grit will deposit various velocities, 
are interesting only regard those chambers which will operate under well 
determined conditions flow, and apply mainly separate systems which 
the character the sewage subject only minor variations. 
design for combined systems small municipalities, sewers, 
one the most intricate with sewage disposal, and 
one which has been almost wholly neglected. 

From the writer’s observations combined systems for the munic- 
ipalities, most the grit and large proportion the organic matter 
arrested the main sewer and outfall sections the sewer, and the organic 
matter reaching the plant very largely the septic action 
the material arrested and décomposing ‘in this observation 

correct, the grit chamber such will function only times rainfall. Just 
what degree intensity required start the grit forward will depend 
the system itself. the grit-chamber ‘velocity low, mixture grit and 
organic matter will deposited. probable, howeyer, that the grit cham- 
bers will too small and that only the very coarsest grit will retained, the 
remainder going into the treatment works proper. This may not constitute 
serious problem for some the older types treatment, such 
mentation Imhoff tanks, although does occasion some difficulty, that 
frequently has removed hydraulic jetting squeegee. 

With the new sewage treatment actuated sludge, which continues 
meet with favor, the introduction this organic matter and grit consti- 
tutes serious problem. Its introduction coincident with greatly increased 
flows and has tendency not only affect the the aeration plates 
covering them with the gritty portion, but, addition, tends increase 
the quantity indigested organic matter the system 

one Canadian plant the writer has observed sludge high ‘at 
the inlet end the activation chamber, due the effect storm flows 
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carrying forward into the tank: under these adverse 
conditions the tank was operating until arrangements could made close 
down the affected, and remove the material hand, rather expen- 
sive operation for the particular works. 

Grit-chamber design for combined systems, therefore, problem that 
cannot solved accordance with now recognized accepted 
practice. The writer believes that the future some type storm tank 
will used into which these excess flows with grit content can diverted, 
and that such grit chambers ordinarily function the system will 
designed meet the specific operating problem for the regulated deter- 
mined flows the particular system under review. 

how large these storm tanks should the writer not prepared 
Experiments are made Kitchener and York Township. The 
sewers localities discharge into watercourses which must kept 
free mounds sludge, during the summer season. these plants the 
storm-water tanks will have capacity somewhat less than the ordinary grit- 
chamber design for the maximum For the ordinary storm, the 
tion will The tanks also are arranged receive the accu- 
mulated grit and organic matter from the smaller service and 
addition will receive all the surplus sludge during the winter months and 
lesser quantity during the summer season. Dorr equipment has been intro- 
duced the storm tanks for facilitating the removal the arrested material. 


one instance Dorco pump will used for removing the sludge, and the 


other ordinary sludge pump which has been use the system will 
continued for this special purpose. 
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BRITISH PRACTICE DESIGN” 


for more than one author with experience British sewage 
works has stated that there little evidence design detritus tanks. 
statement hardly fair British engineers, most doubtless 
evolved their own practice which they ‘find meet 
their requirements. However, little ‘information 
England the subject grit chambers, and textbooks the dis- 
posal sewage are all but silent with regard them. This the more 
-prising considering that the large towns, hardly éxception, 
ered the principle the combined system, and that the quantity road 
detritus which finds its way into the sewers often Man- 
reported, much tons detritus sometimes reaches the 
Where the sludge pressed, the presence high, proportion mineral 
matter facilitates the separation the liquid; such. grit cham- 
bers are often omitted. The latest Royal Commission Sewage Disposal 
(1898-1915) thought best the case precipitation sedimentation 
tanks, settle out considerable proportion” the mineral detritus before 
allowing the sewage enter the tanks. For septic tanks was the opinion 
that “fairly thorough preliminary settlement grit” was generally desir- 
able. For very small works, however, considered that “the provision grit 
detritus tanks which require constant sludging may necessitate more 
labor than would otherwise the case, and such circumstances may 
more economical allow everything forward into the septic 
discussion before the Institution Civil Engineers, Mr. Midgley 
expressed the opinion that: 


a 


“The removal the dry-weather grit content was unnecessary. had 
yet learn that ordinary domestic sewage had any appreciable quantity 
grit it, and suggested that the whole the contents the sewers, 
through the screen, should led directly into the Dortmund 
tank. 


The withesses who are cited the Royal Commission its “Summary 
Evidence Certain Questions” are almost unanimously the opinion 
that heavy detritus should first removed.§ 

Chartered Civ. Engr. (Martin Roberts), London, England. 

Fifth Rept., Royal Comm. Sewage Disposal, 1908, 19. 


Minutes Proceedings, Inst. E., Vol. CCXVI, pp. 
Fifth Rept., Royal Comm. Sewage Disposal, 1908 Appendix II, pp. 32-33. 
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Where special grit detritus tanks are not provided, the inlet 
end sedimentation often off from the remainder 
serve the purpose. 

American practice grit view ‘to pre- 
venting the deposition organic solids practically unknown England, 
capacity, rather than velocity, being the usual basis design. Recent British 
practice this respect governed the requirements the Ministry 
Health, based the findings* the Royal Commission Sewage Disposal, 
that “there should two more detritus tanks below the screening cham- 
ber. The capacity each tank should about the 
weather flow.” 

The capacities the detritus tanks use different towns vary 
ranging from less than 0.5% 20% more the daily flow. some 
cases capacities are reported; but the nomenclature sewage 
works not standardized, and some the tanks question would more 
properly sedimentation tanks, 

Detritus tanks are usually rectangular plan, with 
little difference between their length, breadth, and depth; but deep circular 

tanks are sometimes rectangular have sloping floors, 
depth being rule greatest the inlet end. 

Kingston-on-Thames small rounded cham 
ber formed the side the channel along which 
the sewage passes its way the precipitation 
tanks, and the grit process settlement this 
chamber washed the whirling motion ‘set up. 
Tyndale, for many years Sanitary the 
designed grit chamber having cross 
cross-section like that conical flask, througli GRIT 
the narrow neck which the floating solids pass 
unchecked the septic sedimentation tank (Fig. 5).+ 

works, the writer has used detritus chamber the shape 
elongated one the sides which formed the surface 
the sewage. The latter enters the apex the pyramid and flows 
the base stream widens deepens goes. Along the lower 
side the base there slot through which the deposited solids drop into 
chamber beneath. The passage the solids through the slot assisted 
into and through the lower compartment set the 
sewage enters upper one. The chamber question was expressly 
designed the heavier solids, the grit previously 
caught pit. 

grit chamber more accordance with American practice was recently 
Jameson ‘at Pretoria, South Africa, and was described him 
paper before the Institution Civil Engineers 1923. This chamber, 
which ft. long ft. was formed with dished bot- 


tom. was found that sludge the depression and that septic 


Fifth Rept., Royal Comm. Sewage Disposal, 1908, 
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action took place. prevent this the floor the was raised 
successive level flush with the outlet weir, reducing its hold- 
ing capacity zero. The normal depth the sewage passing; through the 
chamber about and the grit deposited along the center line 
floor.* 

Grit chambers are commonly cham- 
bers, the screens being built parallel bars, and kept clear mechanically 
driven Fine screens are practically unknown England. 

large works, which the grit chambers are often sunk deep the 
ground, the detritus usually removed dredges grabs. smaller 
works scooped out hand lifted means chain Where 
fall permits, cleansing valve sometimes For the purpose 
running off the liquid contents the chamber without interference 
grit, the writer frequently uses vertical stoneware pipe built into the wall, 
having narrow slot the side next the chamber and lift-up valve the 
bottom. 

the Saltley works the Tame, and Rea Drainage Board, 
the sewage, before entering the detritus pit, passes through grid formed 
bulb bars, in. apart, sloping the direction the flow 
angle about 30° from the invert the sewer. 

The detritus pit V-shaped section, 240 ft. ft. wide the 
surface, and ft. deep. the bottom just wide enough allow the 
dredger buckets pass between the walls. The dredger (Fig. 6).is similar 
that Shieldhall, Glasgow, and consists traveling bucket elevator 
supported four-wheeled carriage, running standard gauge railway 
supported east-iron pillars, thus leaving open space from end end 
the pit into which the the sludge trucks may drip without 
causing nuisance. The arm the dredger buckets ft. long, 
supported trunnions about ft. from the top, and the which 
are perforated allow the water escape, are carried endless chain 
which passes around drums placed top and bottom. the bucket arm 
connected hopper and chute convey the detritus into the sludge truck, 
which travels behind front the dredger moves backward 
forward. The dredger worked single motor about which 
collects from wires alongside the pit. 

pit has dry-weather capacity about 1500 cu. ft. per 1000000 
gal. treated, and the sewage flows through the rate in. per 
sec., depositing sand, slack, rags, paper, its When the 
sludge truck filled hauled the tip steam locomotive. 

Prior 1902 the detritus pits were limited portions the sedimen- 
tation tanks, and there was stationary dredger lift the sludge into wooden 
troughs, which were more permanent near the dredger, but the dis- 
tance from the dredger increased they were. constantly lifted and relaid 
various directions toward land eapable receivmg the dredgings. 

Subsequently, and until the new dredger was installed, the first 
the roughing tank was used arrest detritus, Priestman grab was 
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SETTLEMENT CHAMBERS, LEEDS, ENGLAND. 


Fic. DRIVEN MECHANICAL DREDGER, SALTLEY OUTFALL 
BIRMINGHAM, ENGLAND. 
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utilized lift the detritus from the tank into wagons, drawn horses 
the dump. 

the two smaller works the Coldfield (Ty- 
burn) Works and Cole Valley (Ashold) Works—the mode arresting the 
grosser solids slightly different from that used Saltley. The detritus 
pit Ashold has capacity 780 cu. ft., and controlled stationary 
dredging appliance arranged that the buckets drop the detritus into 
hopper, then horizontal trough fitted with worm, which conveys 
the material dump wagon stationed outside the building. 

Mr. Watson, whom the writer indebted for these particulars, 
states that the stationary form dredger not the other, 
because the breaking chain the renewal sprocket wheel neces- 
sitates turning the sewage into the by-pass and emptying the pit before re- 
pairs can effected, whereas the Saltley dredger may lifted entirely out 
the sewage moment’s notice. 

Table gives the quantity detritus removed the Ashold Works 
and the cost its removal period 

Fig. shows the detritus tanks, crane, gantry, and 
Priestman grab the Leeds Corporation Low-Level Works, Knostrop. 

The design grit catchers, screens and storm-water tanks formed the 
subject paper read Mr. Temple; Jamshedpur, India, the 
International Conference Sanitary Engineering held London, 


Transactions, International San. Eng., 1924, pp. 
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GRIT CHAMBERS 
GERMAN SEWAGE PURIFICATION PLANTS 


large German plants, deep hopper-bottomed grit chambers predom- 
inate. This type construction originated England and very practical 
for the mechanical removal the grit, for instance, bucket elevator. Its 
disadvantage the poor quality grit produced, which mixed with offen- 
sive organic sludge. 

Since 1906, long narrow flat-bottomed grit chambers have been 
combination with two-story tanks. The purpose keep the offensive 
organic matter motion established velocity (about per sec.) 
and flush into the digestion chambers. the two-story This 
ordinarily permitted the clean and grit which 
could uséd filter the sludge drying the grit was 
unsatifactory because low velocity, experience 
showed that the quality could improved stirring under the flowing 
sewage before removal. narrow chambers have drain pipes for 
drying and permanent accommodate small dump cars for 
the removal the dry grit hand. buckets are used 
large plants. 

some plants two-story grit chambers, with the lower compartment for 
the collection the grit, have been tried. Unfortunately, the grit collected 
not much cleaner than that any other deep grit ‘chamber. Evidently, 
the lower chamber. 
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tent but practically this not sufficient, for concrete the product 
manufacturing process consisting several operations, and the control, 
successful, must take into account each these and provide the proper con- 
out what these conditions are, the methods one organization has 
attempted provide them, and what led adopt these methods. 


The operations involved making concrete are selection the raw 
materials; (2) design the concrete mixtures; (3) handling and measure- 
ment the constituent materials; and (4) manufacturing the concrete, Each 
operation will considered turn. 


SELECTION 


‘The selection materials ‘is largely economic. for. 
any desired quality can from cements aggre- 
gates, provided the proper combinations these are Uniformity 
materials, however, considerable help controlling the quality con- 
crete and, although control can obtained when the materials vary, 
obtained more easily and cheaply when they are uniform. For this reason 
desirable limit the supply each one source and choose those 
known vary least, even when this involves some additional expense. 


Properties Required—Having selected the materials, the next step is, 
naturally, determine the proportions which these materials must 
bined give concrete the desired properties; but before this can done, 
the desired properties must known and must measurable. Different con- 
ditions service require concrete possessing different properties different 
degrees; some cases compressive strength the prime consideration; 
others, water-tightness; and, others, resistance wear weathering. 
may possess all these high degree, but again one more may 


the meeting the Structural Division, Montreal, Que., Canada, October 
15, 


Senior Asst. Laboratory Engr., Hydro-Elec. Power Comm. Ontario, Toronto, Ont., 
anada. 
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almost entirely absent. The one guaranty the 
any other. 

cheaply and therefore the practice .using the quality 
concrete; consequently, all engineers design for compressive strength and 
this turn has caused strength—particularly 
tion should always borne mind designing concrete mixture, for 
while necessary rate concrete its strength, the design the mix- 
ture should not based strength alone unless strength the only con- 
qualities are important, the engineer should make sure 
that the proportions set will give the qualities 

designing concrete mixtures, there are two fundamental conditions that 
must met. The first imposed the requirements the structure for 
which the concrete used, and property the finished ‘concrete, as, 
for example, strength, the second imposed the 


manufacture and property the concrete mixture, namely, 


its plasticity workability—a transient quality which needs possess 
during the period deposition. The two properties are not related, 
workability being indication strength strength workability. Hence 
the problem design concrete mixture that will have the properties 
required the designer the structure and same time workable 

theories have been advanced for the proportioning concrete but 
yet the only practicable basis for design the water-cement-ratio-strength 
Abrams has shown that for concretes required workable when moulded, 
the compressive strength related the ratio water cement the 
placed that is, their water-cement ratio (the Hydro- 
Electrie Power Ontario expresses this terms weights), 
each such ratio having corresponding compressive This relation- 


compressive strength, only necessary know the proper water-cement 
for that strength and proportion mixture cement, aggregate, 
and water give workable combination having that ‘ratio. Likewise, 
attempting control concrete mixtures, the basic problem obtain 


HANDLING AND MEASUREMENT 


not great effect the quality the concrete except that any method 
which allows segregation the aggregate, makes more difficult obtain 
uniform concrete, Theoretically, possible compensate for any variations 
the aggregates, and thus maintain uniformity the concrete mixtures, but 
practically this always possible, especially when materials vary 
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rapidly. better prevent these variations careful handling 
depend any corrective measures applied later. 

when the same absolute volume cement, aggregate, and water each and 
every batch. With water the absolute volume is, course, the same the 
measured volume but with the cement and aggregate same since 
both measured contain air spaces. little consideration will that 
the finished concrete, uniform, must contain the same quantity solids 
per unit volume, while the wet mixture from which the finished concrete 
made must contain not only the solids per unit volume, but 
also the same quantity water. ‘Such concrete, not otherwise abused, 
would uniform both strength and other properties, and, addition, 
easier control than one with varying quantities the constituent 
materials. 

Controlling the Quantities. —Measurement the cement not usually 
problem control. The packages are uniform weight ‘and con- 
venient and satisfactory unit for measuring absolute volume cement. 
When shipped bulk, special provision for measurement has, course, 
made and weighing seems the most satisfactory. 

The measurement the water is.so related the measurement 
the aggregate that both must considered together, The goal sought 
obtain the same total volume water each and every batch, which total 
volume made water added plus the water contained the aggregate. 
Thus, the water known, can measured with pre- 
cision, the proper quantity used can only 
moisture the aggregate ascertained. 

The aggregate the most. difficult the constituents 
The volume solids any unit depends the method filling 
the container, the grading the aggregate, and, the fine aggre- 
gates, the moisture content and these act way 
that their effect predicted only approximately. 

Measurements Volume and Weight.—In the usual measur- 
ing volume, there are variations due all these factors 
variation due errors the workmen determining when the; measure 
hopper mark, and struck the 
writer’s experience, these several combined can. produce, 
the volume per batch wet concrete from per cent. 

The only made this way are the quantity 
cement per batch and the water added. The total water per batch and 
hence the water-cement-ratio and compressive strength will vary. What 
equally important, the consistency also will vary; for the small batch 
the proper consistency, the large batch will too dry; or, more likely, 
the mixture adjusted that the latter will the right consistency, 
the small batch will excessively wet, causing segregation and its attendant 
evils. Although the cement per batch each the same, the cement 


| 
used 
con 
var 
vol 


Papers.] PRODUCING CONCRETE UNIFORM QUALITY 1397 


used per cubic yard conerete from 20% more the than 
the other, with gain otherwise for the extra cement used. 

improved method use some form batcher. apparatus 
the method filling the measuring box standardized that the same 
volume aggregate obtained each this does not eliminate 
variations the absolute volume due changes and moisture 
content. variations must compensated when the error intro- 
duced warrants, but they seldom occur tapidly cause any considerable 
variation from batch, and their magnitude ‘probably will not exceed 
5%, under unusual conditions, which can provided for. 

inundation, recent improved method, the fine aggregate measured 
with its interstices filled with water. Under conditions the absolute 
volume the aggregate the same when measured dry. The scheme pro- 
vides standard method filling and eliminates the variations due mois- 
ture the but does not eliminate the variations due grading. 
used for measuring the fine aggregate; the coarse 
aggregate still measured batchers and thus the method does not provide 

against the necessity compensating for the water contained the coarse 
when determining the quantity for the batch. 

Still another method that being used successfully weighing the aggre- 
gates. The weiglit given dry direct measure its abso- 
lute volume its specifie gravity does not change. The method 
independent the manner the container, the grading the 
aggregate, the volume changes caused contained moisture, but the 


the moisture must allowed for the absolute volumes desired are 


obtained exactly and for purposes proportioning the water. 

Moisture only control that possible where unstruck 
measurements are used proportioning the water and cement that 
under the worst conditions concrete ‘the required strength and plastic 
consistency will obtained. The more exact measurement the other 
methods improves the uniformity the and thus makes close control 
possible. method entirely eliminates the necessity for determining the 
moisture content the aggregates inundation, the fine 
wet, solves this difficulty part. 

The apparatus for either the must calibrated 
determine the relation between absolute volume and measured volume for the 
existing conditions operation and whenever the gradation the aggregate 
changes greatly, The both are 
but changes their require time and, 
operating plant, are troublesome. Weighing plants offer certain advan- 
tages flexibility they can changed from delay- 
ing operation; and also some accuracy the measurenients 
are not affected changes gradation, and but little changes moisture 
With any these methods, uniform concrete can produced and 
the advantages one over the other are matters convenience and economy. 

regards moisture aggregates, the’ writer’s experience has been that 
the errors caused varying moisture content 
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the: aggregates will ordinarily less than for the fine for the 
coarse, and therefore, great practical concern. They are fact 
less magnitude than the errors expected from the ordinary variations 
gradation the aggregates, which are usually entirely neglected; but the 
errors that variations the moisture content the aggregates will cause 
the water-cement ratio, and hence quality the concrete, are not 
negligible, for errors from this source will make about difference the 
gross quantity water per batch for each uncompensated moisture 
the fine aggregate, and twice this for similar error the coarse aggregate. 
This difference may cause, turn, decrease strength 150 Ib. per 
sq. in., more, for concrete proportioned for per sq. in., 
The possible effect uncompensated moisture may seen considering 
change moisture of, say, from the normal water content 
sand—a not unusual variation. This would cause 
only the absolute volume measured batchers similar means, 
would reduce the strength the concrete 600 lb. per sq. in., more, 
due the effect the water content the mixtures, 
change the character the concrete entirely. 


MANUFACTURING THE 


measurement comes mixing. The minimum time mix- 
ing recognized any the standard authorities min. after all materials 
are placed the mixer drum.. practice, the tendency shorten this 
and even major work the writer has observed mixing periods short 
sec. period min. not too long; mix less than min. 
some the desirable properties concrete. Mixing than 
mechanically combining the ingredients; complete must include 
kneading and working form plastic, cohesive, and homogeneous 
mass does not segregate handling. Mechanical combination 
requires least sec. and only after this that the action 
begins. Well-mixed concretes are stronger under-mixed concretes, but 
more important, they are more water-tight and durable—properties not 
despised and which many structures built recent years. apparently lack. 

the standpoint production, placing problem trans- 
portation; but from the quality and control, it.is largely prob- 
lem.of preventing segregation. matter how scientifically has 
designed, how accurately proportioned, adequately mixed, does not 
make good concrete unless uniform quality throughout, only 
workmanship placing will bring about; but workmanship can 
assisted and segregation made less liable properly mixtures and 
uniform batch thoroughly mixed. 

Good workmanship placing concrete be. as, near 
its final position possible; that consolidated puddling; that pockets 
‘of coarse aggregate prevented both the interior the the 
exposed. surfaces; that brought evenly the forms; and that the 
bonding the concrete adjacent surfaces, whether rock other con- 
erete, properly Then there are certain The con- 
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crete should not allowed drop ‘into the forms from too great height; 
water should permitted accumulate top; corners should not fill 
with mortar and laitance; and the surfaces should not spaded any more 
than necessary for consolidation, for just excess troweling ruins hori- 


reduce segregation. 

extra finishing; but also means leaky structures when water-tight concrete 
desired, zones low strength (perhaps dangerous 
plete bonding reinforcement, laitance seams, disintegrating joints (both 
and horizontal), and honeycombed surfaces. Segregation cannot 
corrected once the concrete Its effects can hidden time 
but concrete exposed the weather, every patch, every place where mortar 
and aggregate have separated any degree, plainly 
visible. There cure for segregation; not wanted must prevented, 
and there no: prevention effective maintenance standard 
workmanship. 

concrete lack excess water, poor workmanship. Concrete 
requires properly cured full advantage taken its inherent 
possibilities, and proper curing more than merely superficial attempt 
preventing its surfaces from drying out. Many builders not consider 
proper curing essential; others claim that delays the work. Neither posi- 
tion justified. Proper curing essential and careful planning can produce 
without detriment progress. 

All this may seem foreign the question hand—the 
quality the field—but control has been discussed frequently con- 
nection with the application some special method designing mixtures 
that its dependency other factors, notably the methods measurement 
and high standards workmanship, needs emphasized again and again. 


For are several practical means that have met 
with success, but the writer will outline only methods ‘the Hydro- 
Power Commission Ontario. For the years the Com- 
mission has applied scientific control the manufacture about 640000 cu. 
yd. concrete operations, ranging size from less than 
1000 more 500 000 eu. yd., built contract, some 
the Commission, that the system ‘control the 
extended and varied 

and the studies leading the choice little from usual 
practice except that the specifications allow the engi- 
although all coneréte leave the the deter- 
mination that, judgment, will give the desired results. 
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Before concreting commences, proportioning tests are the 
tery with the cement and aggregates used the done 
all except the small jobs, less than 1000 yd. tests 
consists five more groups five 12-in: cylinders proportioned give 
days compressive the classes conerete used the 
These are made with the standard 
requirements the American Society for Testing Materials, that the 
proper consistency left the judgment experienced operator, 
reliance being placed slump flow tests, although the latter are usually 
made for purposes record. 

The proper ratio fine coarse for these tests deeided 
beforehand. The best ratio largely judgment, based the 
grading the aggregates and knowledge the mixtures that have 
economical and workable mixtures with similar 
gained partly from laboratory studies and partly from field experience. 

These tests establish. water-cement-ratio-strength relationship, the 
cement content for the materials, and the consistency and proportions; from 
these are set, for field use, the limiting quantities water and the probable 
are given with the field data from Tables and 


0.60 0.70 0.80 0.90 1.00 1.10 1.20 


noch 


Streng 
per square 


mpressiv 
unds 


0.40 0.50 0.90 


Choice and Verification these the field engineer 
determines the first, makes, find the moisture 
present the aggregate and, the. materials are measured volume, 
the weight the aggregates per foot under the operating conditions 
the plant. Then from the size the mixer the job and class 
concrete required, calculates turn: 

(a) The quantity cement per batch; 


Ratio 
Fme a 
Coars 
2000 
3 


Fme aggregate: Graded No. surface area, per modulus, 2.60. 


modulus, 7.14. 


Serial BE Poa oie base 

11.8 165 151 650 0.45 
084 9.4 152 460 0,55 0.205 
086 8.8 155 149 0.80 


(Use for ratio fine aggregate coarse aggregate weight.) 


water per 
days. weight, Cubic foot. rial 


(94 LB. NET) PER 


This done, one, more full-sized batches are mixed the 
appears dry, water are added, keeping the 
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appears wet, cement and are similarly the mix- 
ture seems harsh, the fine aggregate increased; sandy, quantity left 
out. These changes may. require re-adjustment the cement and) water 
restore the consistency. ordinarily impracticable measure cement 
smaller units than half bag, these changes may also, require re-adjust- 
ment the size the batch. other words, the field proportions are finally 
determined trial and error, meet the two requirements limited 

the aggregates, but experience shows that the need for this not nearly 
great would expécted. The writer has mind.a job cu. yd. 
for which the batch quantities fine and aggregate remained through- 
out 1320 and 2100 respectively. These weights were net and did not 
include the contained moisture, which varied slightly from day day and 
was adjusted for required. The engineers the Hydro-Electric Power 
Commission have found that, generally speaking, there necessity either 
from the standpoint control economy, for redetermining the proportions 
for each new lot aggregate. Any differences their characteristics 
cient consequence warrant altering the proportions will manifest them- 
selves the consistency, which may restored changes the quantity 
the aggregates. 

supervision mixing, placing, and curing, periodic checking the 
results obtained tests samples the concrete produced. 

This method differs several important particulars from other methods 
design and control ‘and since differences the “result chance, 
but are based research it: interest consider 
why they 

The method uses neither fineness modulus, surface area, any similar 
factor for proportioning the mix, the beginning, a-modification the 
surface-area method Edwards was used for determining the proportions 
cement, but this was found needless complication and was abandoned 
during the third year. Considerable study has been given different methods 
designing mixtures, but invariably they have proved complicated, and, since 
satisfactory results are being consistently obtained without reference such 
methods, there has been reason for théir adoption. 

The second difference that the water-cement-ratio-strength relationship 
established for each job and for the materials and consistency used 
that job. Except small work, placed general curves, 
such those developed Abrams. The Commission’s investigations 
shown that the water-cement-ratio-strength relation not the same for all 
conditions but differs for different cements and consistencies and for 
ferent aggregates and combinations aggregates. 

proposed two curves for designing concrete mixtures—one, the 
average many groups tests which the proportions, materials, 
ency, and grading aggregates varied the other based’on this average 
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curve but chosen give greater strengths for the same value water-cement 


the tests which average will fall below it; consequently, using 
such design concrete mixtures, one-half the mixtures designed 
could expected lower strength than the curve. This contingency 
would using curve chosen give strengths several hundred 
pounds per square inch greater than the but order 
safe, such curve sacrifices accuracy and becomes only approxi- 
mation the real Further, cannot economical because, 
the majority cases, its use will give higher quality than that 
desired. For these reasons, accurate and economical proportioning requires 
that the water-cement-ratio curve applicable the 


known slump test was early found inapplicable lean mixtures and 
crushed rock the slump test was then and is: yet the only 
practicable field test available for consistency, was necessary develop 
method control independent consistency tests. yet difficulty 
Commission’s work to:show that such test How- 


There fundamental difference between the viewpoint the Commis- 
sion those who use slump control concrete mixtures. matter 
what method used, concrete mixture water-cement ratio and 
desired. are constant, changes the water- 
will reflected changes the consistency and versa. 
However, there definite relation between the two and conditions are 


not constant, the water-cement ratio may vary materially without appreciable 


variation the consistency and hence the slump. the water-cement 


ratio controlled with certainty, should controlled directly, and 
consistency, the control which not itself ‘of importance except 
bears problems handling and placing the wet mixtures, can main- 
tained within sufficiently narrow range for these purposes without testing. 
The experience the Commission has proved such the case. 


The Gommission places field laboratory except the smallest 
jobs. This has because has been found impossible 
ship test’ cylinders express with any assurance’ curing 
with transit. field laboratories ‘are equipped with 
simple and inexpensive 100-ton hydraulic press, sieves for both fine and 
scales, pans, measures, moulds, heaters, cost this 
and depreciation are about $200 per but cost largely 
the saving express charges: 
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proper hands, these little laboratories are capable surprisingly good 
work and make entirely feasible carry out the tests required estab- 
lish proportioning data such used by::the They have 
psychological value not overlooked, for possible for the resident 
engineer or. inspector demonstrate facts which amount data argu- 
ment would ever satisfactorily prove the average superintendent foreman. 

Groups cylinders are tested periodically concreting 
operations. These are taken more frequently the start job 
than after well organized and more frequently when. with 
materials control experienced than when the work going 
smoothly. Each group consists three specimens, one days, the 
others days. Whenever possible, the concrete from which the specimens 
are made taken from the forms; when this cannot done taken from 
the discharge the mixer. Standard are followed moulding, 
curing, and testing, particular eare being taken the matter curing, for 
unless proper curing temperatures are maintained the results are not indi- 
cative the quality the concrete. 

Interpretation results tests field samples are more 
than indications the compressive strength the concrete; they reflect the 
character the job and the methods followed. Uniform test results usually 
indicate uniform methods measurement. addition their average 
approaches value the design strength of, the concrete they offer the further 
information that the basis design and the interpretation the proportions 
into measured quantities materials are correct. Uniformly high results 
would, the case the method design followed the Commission, 
usually caused wrong measurements, check this could 
had the cement content -the concrete with that indicated 
proper the proportioning When method design used based 
averages, high results similarly may indicate inaccuracies that the design 
data used are not applicable, without correction, the job 
tests wherein the design strength always exceeded. but, the results vary, 
does not indicate necessarily controlled job. sufficient 
cement used, excess water eliminated, and care sampling and 
testing, ample strength almost inevitable. 

There are bound certain groups tests that_depart considerably fron 
the average. Oftentimes the unusual results are caused faults 
the specimens preparing them for test; the evidence this 
the specimen. Occasionally adequate explanation can found. 
not the individual low high test that important, but succession lov 
and high tests, tests alternately high and Each of. these, condition 
wherever possible. 

should man who has sufficient knowledge the properties 
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manufacture, and who. knows what good workmanship and how 
get it. Unless the operations are the hands trained and 
disappointing. 

nothing, but through many economies are possible. For example, one 
large project the designing engineers used concrete lower grade soon 
was demonstrated the field that concrete specified compressive 
strength could consistently produced, and this resulted considerable 
saving. another job the use accurate ‘measuring equipment not ‘only 
resulted considerable saving cement due closer proportioning but also 
lowered conereting costs increasing the output the mixing plant, 
reducing the delays handling, and making control easier, 

general, the cost scientific control little more than for the type 
supervision usually employed and the that result when con- 
certed effort made produce uniform, well-placed concrete will actually 
result cheaper concrete. That profitable proved the fact that 
few who try methods later abandon them and that, time goes on, 
they are being applied smaller and smaller jobs. 

there royal road fortune, there likewise easy way 
making good concrete. Control will not attained following any par- 
ticular theory the selection materials, method proportioning, 
but always the product forethought and care respect every detail 
its manufacture. there formula for success, follows: 

Controlled concrete suitable materials bit theory applied with 
common sense good workmanship nothing more 
and nothing less. 


APPENDIX 


The following case given detail illustrate the method followed 
the Hydro-Electric Power Commission Ontario the, the 
field proportions concrete. 
The conditions assumed are follows: 


Information desired. Data obtained. 
Capacity mixer......Job cu. yd. 
Class concrete...... Engineering drawings....... *Class 


Weight concrete....Proportioning data, Table 2..151 lb. per cu. ft. 
Ratio fine coarse 

Proportioning data, Table 2..40 weight 
Cement per cubic Proportioning data, Table bags 
Water-cement data, Table 2..0. weight 


See Table for specification classes used the Hydro-Electric Power Commission 
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batch mixed concrete: 


Capacity mixer eu. wet conerete 
Aggregate ...... 080 350) 210 Ib. 
The weight moisture determined and corrected 


The field weights are, therefore: 
Hence, the trial proportions weight 
‘Cement bags 
Sand (moist) ..........1310 
Gravel (moist) Ib. 
gal. (Imp.), gal. (U. 
volume, the trial proportions are (assuming the weight per foot 


the materials measured the mixer being 110 for gravel and 
for 


Gravel (moist) cu. 


The Canadian bag 87% gross. The weight, net, based ‘allow- 
Ib. for the sack and for cement left the sack after emptying into charging 
opper. 
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INTRODUCTION 


The control quality concrete the field has received. considerable 
attention the technical discussions recent years. There has been grow- 
ing demand that the results the extensive laboratory and field investigations 
into the properties concrete made the basis The need for 
specification that will meet this demand and the same time form equi- 
table basis for contract has been quite generally expressed. 

the purpose this paper present specification, which, the authors 
believe, fulfills these based the fundamental principle 
that the strength and other desirable properties concrete are definitely 
determined the proportion-of cement the mixture, pro- 
vided only that the concrete plastic, and workable and the aggregates are 
clean, durable, and structurally sound. has been clearly established that 
the and the aggregate, the quantity the cement, the 
consistency affect the strength only far influ- 
ence the quantity mixing water required produce concrete the neces- 
sary workability. Any combination the constituent materials that provides 
given water-ratio will result concrete the same strength 
workable. 

‘The importance proper the water has long been 
but the definite law between strength mixing water was 
later carried out him and many other investigators, 

appreciated when paste glue binding the aggre- 


and the “water-ratio”, that is, the the volume 


Inst., Chicago, 
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cement (assuming cu. ft. cement weigh based about 000 
compression tests 12-in. cylinders the age days. The tests 
include mixes varying from neat cement proportions cement 
aggregate, consistencies ranging from stiff sloppy, and aggregates varying 
water-ratio, the different mixes gave practically the same strength. This was 
true regardless the size grading the aggregate the consistency 
the mix, except for the consistencies that were too proper workability, 
which have been omitted the diagram, 


Compressive Pounds per Square Inch=S 


AND WATER CONTENT. 


water- -ratio-strength relation Fig. may by. the 


(an exponent) water-ratio (by volume). 
Many subsequent tests have shown the same mathematical relation. 
Others give similar curve, but with different constants equation. 

Table from recent series tests carried the 
Structural Materials Laboratory and demonstrates convincing 
manner that the strength concrete determined the water 
will noted that for given water-ratio (expressed gallons per sack), 
the values are almost perfect agreement, regardless the mixture, while 
for given mix, the strengths will seen fall off rapidly the water-ratio 
These results show somewhat higher strengths for 
given water-ratio than those obtained from any previous seriés. 

Other desirable properties aré usually obtained with concrete high 
compressive strength. Professor Abrams has shown definite relations between 
compressive strength and flexural strength, resistance wear, bond resistance, 
ete. Unpublished data the Structural Materials Laboratory show 
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that the resistance destructive agents such sulfate 
waters, etc., increases the compressive strength, 


decreased the compressive increased until the latter 
reached 500 lb. in. Concretes this strength were water-tight.” 


emphasizes also that essential that the mix, plastic. 


y= 7 


from Elgin, Sand graded from No. and pebbles graded from in. 
Cement: mixture four brauds of, Portland cement purchased Chicago, 

ays 


Mix volume.* 


1: 
1 


*In terms dry and rodded volumes aggregates. 


Beside the water-ratio specification for quality certain other 
forms specifications have been advocated within the past few years which 
aim insure proper The more usual form’ 
makes mention the quantity mixing water and, therefore, does not 
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definitely fix the quality. One the recent forms specification 
definite proportions cement and aggregate together with the consistency 
the concrete terms the slump proposed the Joint 
Standard Specifications for Concrete and Reinforced Concrete report 
1924.* The other the specification the strength pro- 
posed the Joint Committee its Progress Report 1921. 

the specification based the proportions and slump, presumed that 
the engineer will investigate the available aggregates and make the necessary 
strength tests that can select combinations which, when mixed the 
specified slumps, will give concrete the desired strengths and workability. 

Two major objections may raised form First, 
presents fruitful source argument—the Although the 
slump test useful maintaining constant quantity water providing 
important fluctuations the grading quantity materials occur, not 
always suitable measure that intangible quality, which may called the 
workability, as, for example, with well-sanded mix, 2-in. 
much more workable than “harsh” mix with slump. Even if, the 
opinion the engineer, the slump and mix are entirely satisfactory, there 
still that tendency the part workmen increase the fluidity the 
mix wherever possible. The objection his study available 
aggregates, the engineer should give full consideration the relative economy 
different proportions order that the mixes specified may not add 
unnecessary financial the structure. Rarely does the engineer have 
available the necessary equipment the time justice such 
investigation. 

strength specification proposed the 1921 Report the Joint Com- 
mittee alternative,t but not included the 1924 report, reads: 

contractor shall use materials, proportioned 
and mixed, produce concrete the required workability and strength. 
Frequent compression tests the conerete used the work will made 
the Engineer, and ease failure meet the specified strength, the con- 


tractor shall make such changes the materials, proportions, mixing, 
may necessary secure concrete the required strength. 


many, this the logical specification for study the 
unfavorable comments regarding this shows that, the state 
the art, most builders are not ready for specification under which the 


contractor guarantees the strength. The principal objections raised were the 
following: 


(1) cannot known until the concrete place and thoroughly 
hardened, whether has met the strength requirements; 

methods are not thoroughly developed reliable 
eliminate entirely misinterpretation abuse; 


Proceedings, Am. Soc. October, 1924, Papers and Discussions, 1173-1174. 
Loc. 1921, Papers and Discussions, 74. 


See Proceeding Am. E., March, 1922, Papers and Discussions, 
also Discussion Committee Report, Proceedings, Am. Concrete Inst., 1922, 322. 
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(3) proper basis has been suggested for adjustment penalties 
the strength fails meet the requirements; and 


(4) The engineer evades responsibility for the quality the concrete 
passing the burden the contractor. 

The advocates the strength specification point out that through they 
are offering the contractor opportunity profit the selection and 
proper use good materials, and the same time are insuring the owner 
structure the required 


SPECIFICATION FOR 


the Appendix, there given complete specification based the water- 
ratio, which, the opinion the writers, free from most the objections 
raised the other forms mentioned and presents certain advantages not pos- 
sessed them. This specification has been used for reinforced concrete 
building and some the results achieved are referred subsequently. The 
outstanding features the specification are briefly these: 

(a).—A definite water-ratio, corresponding the strength desired, 
specified for each grade concrete. These water-ratios are the maximum 
permissible and include the moisture the aggregate. The operating toler- 
ance unavoidable fluctuations must entirely the lower side 
that the ratios specified are not exceeded. 

(b).—The proportions aggregate cement are governed only the 
requirements. workability, with the proviso that the coarse aggregate shall 
not less quantity than the fine, nor more than twice the fine. Work- 
ability limited the requirements that the mass can puddled readily 
into the form without harshness honeycombing and without the accumula- 
tion water the surface. 

contractor required measure the materials such way 
that the water-ratio can any time, thus avoiding haphazard 
changes consistency. This involves, course, reasonably accurate measure- 
ments fhe aggregate well fair uniformity the materials 
received. 

(d).—The requirements for quality materials, for mixing, transporting, 
placing, and curing concrete are with the Joint Committee 
specification. 

(e).—Tests are carried out insure that the materials used give 
the strengths desired. 

This form specification imposes the method propor- 
tioning the aggregates. This may done arbitrarily, trial, calcula- 
tion based any the recognized methods, such surface 
area, Maximum density, 

the specified scientific basis, and that the desired strength 
assured, regardless changes requirements workability the size 
and grading the aggregates. Another advantage that makes the inter- 
ests the owner and contractor identical. With only the water-ratio speci- 
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fied, the contractor, will find use the largest amount 
aggregate consistent with proper workability, thus insuring the owner the 
and most economical concrete possible for the given strength. 
Further, this specification source friction the con- 
tractor and the engineer. mix desired, not obtained 


expense strength, the addition changing the pro- 


portion aggregates cement the proportion coarse fine aggregates, 
either which changes may call for the expenditure real money the 
part the contractor. 

One objection that has raised this the difficulty 


with this specification the usual tables quantities 
employed; and advance such experience, information greater accuracy 


any tables quantities,may obtained readily making few trial 


Table discussed under the “Data for Estimating”* gives 
mation that will found helpful making preliminary estimates and that 
reasonably accurate for the average materials. Small variations the 


quantity cement are reality minor items cost. 


has been suggested that the variation the moisture the aggregate 
might prove serious objection this form view the 
fact that the water introduced the mixer must take into account the 
moisture the fears this have likewise proved 
unfounded. sure, there are conditions under which large rapid 
fluctuations moisture contént could expected. Experience has shown, 
however, that such conditions can avoided easily the normal case the 
variation will quite any event, this form specification 
greater disadvantage this respect any other form suggested. 

Variations the the aggregate not occur hap- 
hazardly, the moisture being quite any day. Tests 
two jobs, each extending over period about three months, showed that the 
moisture the sand was between and per The typical daily 
variation was about (see Fig. 2). both these washed 


directly from plant, was 


construction the water-ratio specification, gratifying 
results have been obtained. None the anticipated difficulties has been 
encountered and practically. advantages hoped for have been realized. 
one job the work has, out, two organizations, general 
this form specification. 
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These were specified, respectively, the basis and gal. mixing 
water for each sack cement. the substructure the coarse aggregate was 
crushed limestone graded between about in, and in. and the super- 
structure graded between No. and about in., was used. fine 
sieve size. 


a 


Moisture 
Percentage Weight 


8.00 a.m. 12.00 2.00 p.m. 6.00 
Time Day 


CAMDEN, J., 1923. 


Fig. gives the results the concrete and aggregate tests made con- 
nection with the substructure. Table summarizes the results these 
strength tests and shows the averages the and 28- day strengths for the 
two classes concrete. 


TABLE 2.—Compressive STRENGTHS CoNCRETE FROM 


Samples taken from buggies immediately before was placed 
Cylinders cured damp sand job until few days before test tested damp, 
Two brands Portland cement used. 


AVERAGE 


Compressive Maximum STRENGTH OBTAINED. 
strength Average mixing water Average PER 
desired mix, dry specified, U.S. gal- slump, 


Number specimens tested. 
These results show that the desired strengths were exceeded consider- 
able margin satisfactory uniformity was obtained, 
equipment was used for measuring the varia- 
tions were, practically aboye the, required This was undoubtedly 
due, for the most part, the great care exercised the maximum 
allowable quantity water was never exceeded. The actual quantity water 
was found. negligible and the. grading the aggregate was 
the same throughout the job. (See 
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The following observations the the job and the methods used 
may interest. 

The sand and limestone were delivered truck-load lots and dumped 
the street. Storage for more than about day’s work was not available. 
spite this method handling the materials, practically varia- 
tions grading occurred. 


(dry and rodded) 


Proportions 
of Aggregates 


Fineness 
Modulus 
of Aggregate 
> 


by 


* 
© by inundatio 
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2 


112 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
September 
Date Specimens made 


THE WATER-RATIO SPECIFICATION. 


After the first few the beginning operations, few 
minor adjustments proportions were necessary. The moisture content and 
grading the aggregates were uniform that usually the same quantity 
water could placed the mixer throughout the day, several cases, 
was not changed for two three days. 

The water was measured closed tank directly connected the city 
water supply. The tank was equipped with check-valve which closed when 
the tank was filled. The quantity water discharged from the tank was 
regulated means movable pipe which could set give the desired 
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amount. The tank was filled and discharged through 3-way valve. This 
type tank was not found particularly satisfactory. 

With the incentive lower cement factor for the less fluid mixtures, the 
contractor found feasible place much stiffer concrete than that commonly 
used.. This resulted definite saving cement approximately. sack 
per cu. yd. over that required the proportions specified for that 
class concrete. 

The average slump was only in., but the mass could readily 
puddled into place all times. This avoided segregation and resulted 
uniformity throughout each member. water accumulated the top, even 
the caissons ft. deep, placed continuously. 

inconvenience was caused the necessity correcting the 
mixing water for the moisture the aggregate. simple method was 
developed for determining the moisture fair degree accuracy within 
few minutes without drying the samples, except once for each aggregate 
fix the constants.* Check tests drying and weighing were carried out 
the same time. These also were made rapidly and with great incon- 
venience. 


DATA FOR 


seems desirable inelude data that will give some idea the range 
mixes required for the different water-ratios and useful estimating 
quantities materials required for concrete the different proportions. 
considering data this kind, must recognized that such generalizations 
have definite limitations accuracy, owing variations the grading 
and bulking The grading cannot accurately classified 
statement maximum and minimum sizes. Bulking the aggregates, vary- 
ing with the moisture, the method measurement, and the type materials, 
important factor. Any set tables curves for estimating quantities 
based certain assumptions covering these variables. 

Table based the assumption that the gradings are fairly regular 
between the sizes indicated and that the proportion coarse fine material 
about high consistent with proper workability.. Small changes 
this ratio will not make important differences the quantity cement 
required, but are likely change the consistency The propor- 
tions are expressed volume cement (assumed weigh per cu. ft.) 
given number volumes separated aggregate measured damp and 


The equation gives the basis for the determination the moisture 


which, 


used 
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gallons per sack cement. The arranged with 
this curve, that the mixes which produce workable con- 
position For example, under the value the water-ratio 


seale, all the mixes listed should produce for approxi- 
mately the slumps indicated when mixed with, gal. each sack 

These latter should obtained selecting the ‘water-ratio 
and using fine and aggregate combina- 


Use 


principal purpose Table aid estimating the quantities 


materials required for concrete specified strength water-ratio. The 


quantities, will seen, depend the size aggregate and the consistency 
and may vary over considerable range for concrete any water-ratio. 
Considerable confidence may placed the relation between strength 


and quantity water shown the curve, this has been established 


Also the quantities cement for the mixes will 
found quite accurate for wide range grading aggregate. 
However, considerable variations from the slumps shown may expected due 
minor differences grading type aggregate. ‘These generally 
slight. changes the total volume without’ sacrificing 
quality long workable mixtures and proper water-ratios are maintained. 

field mixes are given terms total volume sepa- 
rated aggregates measured damp and loose. values were obtained 
assuming the bulking the sand, and the method 
measurement, 25% and the coarsé aggregate, per cent. This method 
indicating proportions not confused with the method ‘of stating 
them terms volumes and rodded mixed aggregates. 


cement. The quantities mixing water include the moisture 

Quantity Cement.—The quantities the are 


barrels per yard concrete and apply within the range propor- 


tions sand coarse aggregates shown. 

the different water-ratios the strengths are based 28-day 
compression tests 12-in. concrete cylinders puddled the forms, cured 
comparing the strengths concrete made the work, important that 
the tests made accordance with standard Strengths are based 
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Compressive Strength days 
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the use Portland cement meeting the minimum requirements the 
standard specifications. 

uniformity between the sizes indicated. The division between the fine aggre- 
gate (sand) and coarse aggregate the square-mesh No. sieve (approxi- 
mately in.). The fineness modulus the sum the percentages the 
sieve analysis, divided 100, the sieve analysis being expressed 
ages coarser than the following sieves: No. 100, 48, 28, 14, 3-in, 
ete. important characteristic these sieves that the dimension 
the square opening each double that the next smaller sieve. 

slumps are based tests with aggregates rounded sand 
and gravel the grading described, using frustum cone in. high, 
with top diameter in. and bottom diameter in. 


APPENDIX 
SPECIFICATION FOR CONCRETE AND CONCRETE MATERIALS 
USED THE CONSTRUCTION 
THE PORTLAND CEMENT ASSOCIATION BUILDING, 
GRAND AVENUE AND DEARBORN STREET, CHICAGO, ILLINOIS. 


Bippers 


Attention bidders particularly called the following concrete 
which differs materially from the ordinary form that 
aggregates are not specified, while limiting volume water per sack 
cement definitely fixed. 

This form specification has been adopted because been definitely 
shown ample tests and construction experience that the proportion 
water cement that determines the strength the concrete. This means that 
long the ratio water cement remains the same, changing the amount 
grading aggregate does not affect the strength, but only the consistency 
workability the concrete; providing only that all mixes are plastic and 
workable and the aggregates clean and structurally sound. 

Under this form specification the contractor permitted, within certain 
limits, use such aggregates and proportions his judgment will 
duce proper economy and workability. keeping the water-cement 
constant, uniform strength assured, while the necessary consistency 
obtained varying the aggregate proportions desired. Increasing the 
quantity aggregate for each unit volume with its fixed 
water, increases the yield the concrete, but stiffens the mass and 
increase the cost placing. Increased plasticity can obtained reducing 
the amount aggregates used with each sack cement, changing the 
proportions fine coarse. 

may find that order obtain the consistencies which they 
have been accustomed, more cement will required per cubic yard than 
the case where increased fluidity was obtained simply adding water. is, 
therefore, suggested that trial mixtures made determine the cement 
requirements for the different consistencies which they will use the various 


aggregate must taken into account securing the water-cement 
specified. 


portions the building. such trial batches, the moisture contained the 
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The following figures indicate how the requirement varies with the 
concrete mixed with gal. water for each sack 
cement, represented 6-in. slump would require about 
bbl. cement cu. yd. and slump would require 2}. bbl. 
mixed with gal. water for each sack cement, consist- 
encies represented slump in. would require about bbl. cement 
per cu. yd. and slump about bbl, These figures are for average 
in.this market. Some variation will found with dif- 
ferent, materials with different gradings. 

Attention further called the manner which allowance must made 
for batch-to-batch fluctuations water Instead specifying the 
average water-cement ratios desired with definite tolerance, the maximum 
permissible have been given, requiring the contractor conduct 
operations that those shall time This will enable the con- 
tractor obtain increased his methods controlling the water 
are perfected, for the smaller the variation, the closer the maximum permis- 
sible limits approximated the average water content. 

The principal difficulties controlling the mixtures under this type 
will arise from variations moisture content and grading 
the aggregate, and from inaccuracies measurement—principally with the 
sand. The requirement the specifications, that the source aggregate 
such that uniformity grading can assured during any one day’s opera- 
tions, will largely eliminate some the difficulty. This requirement will 
found decidedly the contractor’s interest and one that this market should 
offer hardship. methods measuring aggregates are adopted which 
will give uniform quantities from batch batch, not only will other diffi- 
culties eliminated, but the annoyance moisture variation the sand 
will considerably minimized. For, with uniformity quantities ma- 
terials and grading, the correct moisture content the concrete can 
gauged with considerable accuracy the workability consistency indi- 
cated the slump test its appearance. 

Determinations the moisture content the aggregate from time 
time will necessary order that the water content will all times 
within the water-cement ratios specified. The frequency with which these 
determinations will required and consequent annoyance making the 
requisite changes the mix will depend entirely upon the care used con- 
trolling the grading and uniformity measurement and the moisture con- 
tent the aggregates. 

The measurement moisture the aggregate within the limit accuracy 
specified lb. water 100 lb. aggregate) should offer difficulty. 
drying and weighing small sample inundation will give results 
satisfactory for the purpose. 

Since this likely new form specification the bidder the 
owners will have the job immediately available all times man 
experienced work this character who will ready advise and assist 
the contractor developing methods carrying out the specifications and 
overcoming any difficulties that may arise. 


SPECIFICATIONS FOR CONCRETE AND CONCRETE MATERIALS 


Water-Cement Ratio—Concrete for structural members shall propor- 
tioned the necessary workability without exceeding the following 
ratios water cement: 


Where concrete strength per sq. in. for: 
6.0 gal. per sack (94 lb.) 


Where concrete strength per sq. in. called 
gal. water per sack (94 cement. 
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These water-cement ratios are the maximum permissible. The mixes 
proportioned for somewhat lower ratios that with the normal fluctuations 
which expected from batch batch will not 
Water moisture contained the must included computing 
may deducted computing the water-cement 

The water-cement ratios specified shall not the 
water-cement ratios from those specified, adjustment, amount 
cement and aggregates affected, will made credit ‘under 
the provisions the contract. 

measured method, satisfactory the Architect, which will 
within Ib. for each 100 

cement for conerete the water-cement specified shall 
produce concrete that can puddled readily into the corners ‘and angles 
the form and around the reinforcement without excessive spading and without 
undue accumulation water laitance the surface. shall 

concrete placed which shows the following 


For heavy walls, and in. 


For thin walls and in. 


The proportion fine and coarse aggregates shall such that the ratio 
the coarse the fine shall not less than nor more than nor shall the 
amount coarse material such produce harshness placing 
honeycombing the structure. When forms are removed, the surface and 
the members shall smooth and sound throughout. 

Control methods ineasuring materials shall such 
progress the work and easily checked any time the Architect his 
representative. 

avoid unnecessary haphazard changes consistency, the 
shall obtained from source which will insure uniform quality and grading 
during any single day’s operation, and shall delivered the work and 
handled such manner that variations moisture content will not inter- 
fere with the steady concrete reasonable degree 
uniformity. 

Tests tests will made the Architect through- 
out the work determine the quality concrete being produced. These tests 
will made the expense the owner and will, made 
12-in. concrete cylinders loaded compression ages and days, 
accordance with the Standard Method Making and Storing Specimens 
Concrete the Field (Serial Designation: C31-21) the American 
Society for Testing Materials. 

The contractor shall co-operate every way the that concrete 
the desired quality obtained. shall provide cost, such housing may 
required for equipment and storage test such cost 
include only labor and materials actually used. 

Portland cement shall conform the Standard Speci- 
fications and Tests for Portland Cement the American Society for Testing 
Materials (Serial Designation: C9-21). 

Fine aggregate shall consist natural having 
clean, hard, strong, durable, uncoated grains and free from amounts 
dust, lumps, soft flaky particles, shale, alkali, organic matter, loam, 
other deleterious substances. The sand shall such sizes that shall all 
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pass sieve, least 15% shall retained the No. sieve, and the 
fineness modulus shall not exceed 3.50. 

Coarse Aggregate.—Coarse aggregate shall consist gravel, crushed stone, 
crushed air-cooled blast-furnace slag weighing not less than per cu. ft. 
other approved inert materials, having clean, hard, strong, durable, uncoated 
particles free from injurious amounts soft, friable, thin, elongated, 
laminated pieces, alkali, organic other deleterious matter. Coarse aggre- 
gate shall not have more than 10% finer than the No. sieve and the maximum 
size shall not greater than will permit proper placement. 

foreign materials. Frozen aggregate aggregate containing lumps 
frozen material shall thawed before using. 

for concrete shall from the Chicago water supply 
other approved source. 

Mixing Concrete—The concrete shall thoroughly mixed batch 
mixer approved type. The mixer shall equipped with suitable charging 
hopper. water-storage and water-measuring device shall provided. The 
mixing each batch shall continue for least min. after all the materials 
are the mixer during which time the mixer shall rotate peripheral 
speed approximately 200 ft. per min. 

Depositing shall handled from the mixer the 
place final deposit rapidly practicable and manner that will pre- 
vent segregation the ingredients. shall deposited the forms 
nearly practicable its final position avoid rehandling. Concrete 
deposited shall puddled means suitable tools until forms are com- 
pletely filled and reinforcement and embedded fixtures thoroughly incor- 
porated the mass. 

Water shall removed from excavations before the concrete deposited, 
unless otherwise directed the Architect. 

Concrete when deposited shall have temperature not less than 40° 
Fahr. and not more than 120° Fahr. Concrete shall deposited continuously 
and rapidly practicable until the unit operation, approved the 
owner’s representative completed. 

freezing weather suitable means shall provided for maintaining the 
temperature least 50° Fahr. for not less than hours 
after placing, until the concrete has fhoroughly hardened. The methods 
heating the materials and protecting the concrete shall approved the 
Architect. Salt, chemicals, other foreign materials shall not mixed 
with the concrete for the purpose preventing freezing. 

Protection Concrete—Exposed surfaces concrete shall protected 
from drying for period least days after being deposited. 
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UNIT STRESSES 


The general history the principles underlying the development 
modern practice steel design has been quite fully set forth the report 
the Society’s Special Committee Stresses Structural 
with reference unit stresses. The stress 16000 lb. per sq. in., has 
rather ancient tradition, and based considerable extent standard 
railroad bridge practice. has had undue influence specifications for 
other purposes, conditions under which have not been given 
sufficient consideration. The question basic unit stresses for bridges was 
discussed extensively and many sessions the Iron and Steel Committee 
the American Railway Many members the 
Committee favor and use stress 18000 Ib. per sq. in. The old unit 
000 per sq. in. was, however, retained, but well known that the chief 
reason for this provide for considerable future increase loading 
beyond the design loading; that is, was decided adhere common 
practice permitting increase load under the 
operation considerably beyond the design load before replacements were needed. 
Bridge engineers railway companies have been loath give this margin, 
which they retain more less their measure the 
real capacity such structures, unit stresses 22.000 Ib. per sq. in. 
are used, and old structures are rated this basis. 

Furthermore, not uncommon practice the design large structures 
calculate them the basis unit about 24000 lb. with live 
load 50% present maximum This assumes 
working stress lb. for dead load well live load, and the dead 
load such cases relatively large. The unit 16000 sq. in. 
bridge design, therefore, considered directly applicable 
building design, for which the conditions are very different. 

the matter column stress, the same general condition obtains, and, 
addition, further factor has caused considerable reduction unit stress 
within the past few years. Prior 1920, the maximum stress allowed the 
specifications the American Railway Engineering Association was 000 
per sq. in., but result largely the testst the Society’s Special 
Committee Steel Columns and Struts, especially thick sections, the 
maximum was reduced 12500 lb. the rating existing bridges, how- 
ever, maximum unit stress 20000 per sq. in. permitted for open- 
hearth steel. 

the whole, therefore, would seem that apply the units used 
railroad bridge practice code for building construction, which the 

Cons. Engr.; Dean, Coll. Mechanics and Eng., Univ. Wisconsin, Madison, Wis. 


Transactions, Am. Soc. Vol. (1919-20), 1583. 
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loads supposed materially increased and for which, matter 
fact, the design load may seldom! never realized, must considered 
ultra-conservative, even taking into consideration the 
quality specification for bridge design consciously intended 
provide for large imerease load has had, would seem, too great 
weight building design practice for which such increase need expected. 
course, that specifications for building construction have 
independently studied and developed for many years; but probably. bridge 
owing the many caused overloaded conditions, 
have had maximum practicable stress units that are 
often furnished, readily noted, the field building construction. 

The development concrete practice has had, considerable 
extent, history from that steel design. primarily 
problem building rather than the railway engineer, the has 
been developed and recently brought date report the 
Joint Committee Standard Specifications for Concrete and 
This report increases the working stresses 
than those use many engineers. the result long, careful 
sideration, and undoubtedly represents good modern practice. 
however, the speaker considers the units rather 

The proposed ‘by ‘the Building Code the 
Commerce,} meets the purpose intended, will serve 
standard consideration and cities formulation their 
good ‘practice and execution that reasonably expected 
the community where apply. cannot provide against 
gross nor can expert talent. 

the Under these conditions, building codes must necessarily rather 
conservative and follow the’ development the Much 
discussion necessary ‘before the advantages the knowledge 
made available building would misfortune for any one code 
building departments, first-class engineering talent, 


Proceedings, Am. Soc. E., 1924, and Discussions, 
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problem this quite different from the adoption standard highway 
bridge specifications for various State Highway Departments, which the 
design directly under the State Bureaus. The speaker’s experience relating 
directly codes encourages him take rather conservative attitude, espe- 
cially toward reinforced concrete design and execution. 

The Building Code Committee the Department Commerce 
has clearly pointed out the importance adequate tests and inspection 
reinforced concrete work, well design, the advantages good practice 
are secured the use liberal unit stresses, and has emphasized the 
difference between inspection reinforced concrete and that structural 
steel work. Every engineer recognizes these points. Are these requirements, 
however, actually being met general practice? Except for small propor- 
tion the most important jobs, the actual testing the concrete used 
hardly known Wisconsin, except when ordered the Industrial Commission 
because suspicious conditions and the inspection inadequate. Architects 
will promise maintain continuous inspection, and will actually visit the 
work two three times week. Much has been learned the past ten 
years the selection aggregates, but practice still far from what 
should be. 

its recommendations the assumed strengths concrete mixes, the 
Building Code Committee distinguishes between “plastic mass 
and “concrete mixed moderately wet”, making provision for stronger concrete 
the proper specified conditions are met. matter fact, according 
the speaker’s experience, plastic mass concrete seldom used reinforced 
work. “Moderately wet” would rather generous description 
most the work. the experience the Inspection Department the 
Wisconsin Industrial Commission there has been reported only single job 
which the concrete could classified under the “plastic mass” definition. 
either moderately wet worse. 

According the Building Code Committee the allowed tensile stress 
may 000 lb. per sq. under proper inspection. This 
from its earlier report would seem fully justified. There are 
few structural elements subjected such low secondary uncalculated 
stresses the rods beam, the lower flanges plate girder, and 
unit stress 18000 lb. would appear conservative. 

speaker opposed allowing unit shear stress 12% the 
compressive strength the concrete. This double the value adopted 
the former Joint Committee Concrete and Reinforced Concrete and 
more than seems warranted current practice design and quality 
workmanship. doubt such values can safely applied under favorable 
conditions, but allow them merely the basis the design submitted 
and assuming only the ordinary inspection would not good practice. 
will several years before building codes should much beyond the present 
customary units. Compressive fiber stresses beams may relatively high 
and still leave ample margin safety against total failure, but shear 
stresses should treated more conservatively. Safety against shear failures 
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depends the quality workmanship small part the beam and 
details that are perhaps the most troublesome the whole structure. Present 
inspection methods not warrant liberal treatment this detail. The 
allowable fiber stress for beams seems rather high but this much less 
importance than the shear 

Referring the unit stresses for steel the Building Code 
Committee, noted that the revised Final Report* the Special Com- 
mittee Stresses Structural Steel permits per sq. in. for steel 
which. change meets the specifications the American Society for Testing 
Materials. This unit conservative and probably high warranted 
relatively more conservative than some the concrete 
units now proposed. There question but what unit 20000 lb. 
per sq. in. can safely used under favorable conditions design and 
execution and should, possible, provided for. The maximum stresses 
allowed for columns are low, especially for values slenderness ratio less 
than 40. For such short columns they could well raised least 1000 
both cases. 

The foregoing suggestions have been made from the standpoint securing 
balanced code that will conservative and the same time provide, 
far.as practicable, for work the better class. 


Proceedings, Am. Soc. E., March, 1926, Papers and Discussions, 439. 
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UNIT WORKING STRESSES 
REINFORCED 


The proposal the Special Committee Consider Working Stresses for 
Structural Buildings and Similar Structurés the basic 
working stress from 16000 20000 Ib. step 
many structural basic working stress for steel 
structures had been accepted long without question the average designer 
that considered matter fact, rather than question 
factor safety enlightened enough understand that the yield 
point rather than the ultimate strength the material was basis for 
estimating his margin safety, was immaterial. 

felt that radical change had taken place the industry. The 
quality steel remained substantially fact, such slight changes 
did take place were revisions downward the limit, 
which would naturally not suggest upward revision the working 
realized, however, that time had brought improvements practice and 
workmanship, and substantial advances methods structural analysis. 

The serious proposal select working stress with margin safety 
low 50% has stirred interest working stresses, not only steel 
construction, but other building materials. The principal function the 
structural engineer use materials economically consistent with 
safety and endurance. The problem selecting working stress may properly 
stripped indeterminate factors other than those that pertain varia- 
bility quality material and workmanship; therefore, critical exam- 
ination the behavior structural material under stress required. 

The history working stress reinforced concrete construction does not 
differ greatly general character from that steel other building mate- 
rials. the early stages its development, working stresses were naturally 
conservative, little experimental data were available regarding the 
resistance concrete various kinds stresses. The early engineers were 
pioneers and blazed their way with intuition their principal guide. Fre- 
quently they tested their factor safety loading sections the completed 
structures the extent two more times the working load. noting 
the behavior the structure, they obtained what seemed the final answer, 
namely, the load-carrying capacity different types structural members. 
true that these tests were often crude and faulty execution; but the 
surprising fact remains that with few exceptions these structures have given 
good account themselves under service conditions. Hence, based 
service conditions for determining working stresses, the early work rein- 
forced concrete was commendable. 


Pres., Am. System Reinforcing, Chicago, 
Proceedings, Am. Soc. C..E., March, 1925, Papers and Discussions, 392, 
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More than twenty years ago the task determining the resistance 
and reinforced concrete stress was taken comprehensive 
way well-equipped ‘the direction experienced ‘inves- 
tigators. Accurate strein-gauges were devised and the new technique stimu- 
lated research many places. Beams and columns, and frames, were 
loaded and stress intensities measured. Laboratory methods and strain- 
gauge readings were applied completed structures, thus determining within 
limits the stresses expected under certain loading. 
addition, extensive, tests the compression strength concrete were under- 
taken. One laboratory alone. has. more, than 000 tests, 
000 wear tests, 800 transverse bending tests, and many other tests, 
minutely 

result, theories have exploded and many bad 
The details design and construction have vastly improved. 
natural and entirely legitimate view the accumulation 
information concerning the physical properties concrete and the im- 
provements details construction, working unit stress should 


placed.on more rational basis. examination the codes 


the principal cities the United States fact that there 
tendency toward upward revision. 

Unfortunately, discussion gives only the most gen- 
eral idea the margin safety. best, merely establishes the fact that 
the practice use tells nothing the feasibility 
changing, working stresses nor to; the amount such change.. 

considering working stresses, importance has been attached the 
fatigue material under repetitive loading. 
the compressive strength basis design usually strength 
days. well known, considerable and progressive, increase 
afterward which may for the fatigue rein- 
forced concrete generally built structure permitting the wide 
distribution local loads, thereby measure decreasing the intensity, 

tions has greater variability quality than steel, factor important 
the working stresses, may contended that. the 
average strength concrete. satisfactory, test. specimens, show 
abnormally low strength. 

The vast amount test data record would doubt yield answer 
this question The objection, however, made the one 
hand that most these tests are made under laboratory conditions and may not 
representative field conditions, and the other hand that the speci- 
and therefore not representative the full-sized 
structural members, 

Perhaps the best answer the first objection the series field tests* 
made during the summer 1923 through the co-operation 


“Field Tests Concrete,” John Stanton Assoc, Am, Soc. 
Proceedings, Am. Concrete 1924, 
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New York contractors and the Structural Materials Research Laboratory 
the Lewis Institute Chicago, Ill. This series the comprehensive 
testing for quality concrete the construction seven different jobs 
built many different contractors under weather conditions ranging 
from April December that year. Investigation No. II* yielded among 
others the following conclusions 

these five jobs where trained organizations long were 
used, the proportions and methods employed, based on. only, gave 
concrete having average strength from per cent. grpater than that 
many objectionable practices which account for concrete, were 
not encountered the tests. 

“2. With concreting methods used these jobs, would expect 
uniformity strength such that not less than per ceut. the test 
specimens would fall within per cent. the average strength, and not 
more than per cent. would fall below minimum value computed the 
basis the Joint Committee Tables Proportions.” 

Quoting again from the field tests Slater, Am. Soc. 
and Stanton Walker, Am. E., the authors, their “Con- 

“The averages the strengths found Camden and Newark Bay were 
great greater than the strengths which the mixes might expected 
yield. They were greater also than the strengths used basis the de- 
sign. The average strength for the Camden concrete was 
also than the corresponding strength laboratory concrete made from mate- 
shipped from Camden the Bureau Standards.” 


Generally not more than 10% the specimens any mix gave strengths 
less than 80% the average strength. Laboratory tests not usually show 
much greater uniformity. 

The second objection, that tests small specimens may not repre- 
sentative the strength larger units, would seem operate favor 
uniformity rather than otherwise, that accidental variations small 
part batch—or even the abnormal strength particular batch—are 
merged with others and tend toward maintaining average result. The 
service record completed structures, and such tests have been made 
structures after completion, apparently sustain this view. fact, strain- 
gauge readings and load tests—especially where the assumed working 
load applied—in general indicate stresses much lower than those expected 
that they may even misleading. This particularly true with reference 
stress measurements the steel reinforcement. 

reinforced concrete design the compressive stress concrete and the 
tensile stress the reinforcement are the governing elements. 
selected, together with the ratio the moduli elasticity, definitely fix the 
amount the reinforcement. General practice well the recommenda- 


the Joint Committee Standard for and 


Reinforced Concrete fix the area steel less than the effective 


section the beam. significant that reinforced beams rarely 


Proceedings, Am. Concrete Inst., 1924, 358. 


Loc. cit., 382. 
Loc. cit., 431. 


Proceedings, Am. Soc. E., October, 1924, and Discussions, 
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fail compression and then only when the reinforcement double more 
than double the amount now Failure general the tension 
the steel the bond between the steel and the concrete. Furthermore, the 
stress-strain relation compression not straight line the ultimate 
strength. This has been shown Mr. Slater cause shifting the posi- 
tion the neutral axis and therefore give greater flexural strength 
the beam than may expected from the tests the cylindrical specimens indi- 
cating low compressive quality the concrete. 

shear determines the diagonal tension web stresses 
flexural The resistance beams shear intimately bound 
with the details and amount the reinforcement. recent specifications 
and codes, and particularly the Standard Specifications the Joint Com- 
mittee, special provisions for anchorage, bent-up main reinforcing bars, and 
stirrups are required where high shearing stresses are permitted. 

the speaker’s opinion there sufficient test data support the conten- 
tion that the Standard Specifications the Joint Committee yield ample 
margin safety. Dependence placed largely the reinforcement, 
that variability the quality the concrete enters into the problem only 
comparatively small degree. 

Tension the choice working stress the steel rein- 
subject the same process reasoning may used con- 
nection with steel structures, with this fundamental difference—that, rein- 
foreed concrete, steel high yield point may used. has not the 
same limitations due fabrication use compressive members has 
structural steel. Furthermore, the tensile strength the concrete entirely 
neglected the design, whereas operates reduce materially the actual 
stresses, least within the range working conditions. Therefore, 
agreed that present working tensile stresses structural ‘steel design are too 
conservative, the same logic would apply the steel stress for reinforced 
concrete. 

The discussion unit working stresses reinforced concrete partic- 
ularly timely. The present day period great advance the production 
concrete much better quality and particularly greater uniformity than 
heretofore. Recent investigations the underlying principles governing 
quality and uniformity have yielded surprising results. confidently pre- 
dicted that proper control material and workmanship, concrete can 
made the most uniform quality any building material. 

Fortunately, the important factor control comparatively simple 
one, applied field conditions and needs only fully appreciated 
generally applied. one the largest construction oper- 
ations recent years simple field-control methods resulted concrete 
which more than 90% the test specimens met the expected strength. 

There still vast amount research work that should done order 
that may better designed and erected; but unless 
future investigations completely reverse the trend the past, seems prob- 
able that the unit working stresses reinforced concrete will revised 
upward. 
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UNIT STRESSES STRUCTURAL STEEL. 
(FOR BUILDINGS) 


Recent reports and recommendations working stresses structural 
steel, and the general trend the that subject, evidence 
growing. conviction that existing practice unduly conservative. 

There always tendency perpetuate old standards long after they 
have outlived their usefulness under changing conditions as, for example, 
the matter working stresses for structural steel. The retention 
working stress that generally recognized unnecessarily low, conducive 
looseness assumptions loading and other objectionable departures 
design. thoughts find emphatic corroboration 
the Final Report the Society’s Special Committee Stresses Struc- 
tural Steel.t 

the replacement the former unsound and misleading concept “factor 
safety” empirical fraction ultimate strength the new con- 
“margin strength” more carefully estimated allowance below 
the yield point service strength the material, 

The old concept the “factor of, safety” arbitrary 
cover all. the elements ignorance and uncertainty the 
structural design, such as, distribution, future increase loading, 
impact, fatigue effects, stress undetermined. secondary 
stresses, strength and uniformity material, and structural, deterioration 
from neglect. The working stress 16000 per sq. in. thus reached, has 
remained official specifications and building codes, inertia, this day. 

basis, with the general structural art, engineers 
must abandon this procedure, instead 
program evaluating the different uncertainty, and allocating 
the corrections where they anticipated increase 
the basic unit Any impact shock effect should covered by, adding 
proper dynamic the live load stress, not diminishing; the 
stress. Structural deterioration minimized proper 
detailing and maintenance, and, where should covered 
suitable increase the thickness metal the affected parts, not 
general reduction. the basic Only the uncertainties the 
strength and behavior and such other elements cannot 
allocated elsewhere, included the margin that the 


Proceedings, Am. Soc. E., March, 1925, Papers and Discussions, 


| 
| | 
te 
‘ 
| 
4 | 
‘ 
= 
cise 
q 
t it 
a 
4 
: 


Papers.] UNIT STRUCTURAL STEEL 1433 


tion, the elimination and re-allocation many 
tainty that were covered the “factor would 
upward revision the old working 

bridge specifications, the working stress per 
sq. in. persisted, admittedly indirect method making provision 
for future growth live and more efficient design 
loading beyond that immediately prospect. 

Building. practice has followed bridge practice in’ adopting and 
000 per the standard basic stress, but the reasons 
not The bridge engineer confronted with experience 
continuously increasing. weights railway and highway loadings. His 
stand under progressive load increases per cent. 
design, however, not generally subject'to such increases, that there little 
justification for burdening building practice with the low working 
that still retained, unscientific basis, bridge specifications. 

That bridge engineers recognize the safety working stresses 
evidenced the current practice, the adopted recommendations 
committee the American Railway Engineering rating 
existing bridges the basis working stresses 000 in. This 
indicates the confidence engineers the strength steel when évidence 

When restricted standard specifications, engineers have designed 
bridges with stresses per ‘sq. in., higher. 
ranging in: have been used the design important 

Similarly, when building engineers have designed 
buildings for working stresses 000 lb. per sq. in. Many older 
structures, built when the calculation was comprehensive, now 

working ‘stress 16.000 sq. in., the value established 
rule-of-thumb European practice is’ less the 
steels considerably inferior the American product. 

Just the old “factor-of-safety” concept misled the owners buildings 
the permissible over-loading, the present enforced design stress 
that known too low has led designers buildings take liberties 
loading assumptions and otherwise from conscientious and 
design. Examples objectionable and practices that have 
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developed are the conventional ignoring the dead weights columns and 
column covering, and the insufficient allowances for weight movable par- 
titions, resulting actual unit stresses that are much higher than the nominal 
lb. per sq. in. The adoption higher working stress together with 
more conscientious and adequate loading assumptions will yield, for the same 
cost, structure assured greater efficiency and longevity 
the uniformity strength margins all its parts. 

The foregoing considerations indicate the propriety and desirability 
upward revision the unit stress from its present prevailing 
value Ib. per sq. in. basis for determining proper value for 
revised working stress, the Special Committee Stresses Structural 
Steel analyzed the test reports 6000 heats structural steel, including 
representative tests the product mills over period years. 
These tests showed general range yield point from 
per sq. in., with average 36500 The Committee conservatively sug- 
gests that working stresses based the low value 30000 Ib. sq. in. 
for the yield point, even the mill tests studied indicate that higher value 
might properly used. Tests full-sized riveted tension members generally 
show yield point well above 

Structural engineers are now generally agreed that the yield point the 
proper datum for estimating service strength. The working stress should 
determined the margin strength that regarded necessary below 
the yield point. the absence mathematical basis for establishing this 
margin, recourse must had engineering judgment based past expe- 
rience the structural art. 

recommending 20000 per sq. in. unit stress for future 
building design, the Committee left safety margin per Past 
experience shows that this ought ample provide for abnormal loads 
and material and structure. The 50% margin, stated 
the Committee, intended provide for chance conjunctions unusual 
conditions, resistance momentary effects such shocks, common sec- 
ondary stress actions which are reduced re-adjustment through yield and 
not for unintelligent and designing, nor added loads increased 
service. 

the dead loads are conscientiously computed, and the live loads used 
are the maximum anticipated during the service period, basic unit stress 
20000 Ib. per sq. in. appears amply safe. generation ago bridge 
engineers used Cooper’s specifications, which the prescribed working stress 
was 20000 Ib. per sq. in., for dead load and 10000 for live load. The 
working stress was accepted safe for dead load that time, and 
safe unit for dead load stress now. The stress that safe 
for dead load should the preseribed stress modern specification 
any other procedure produces unbalanced designs. Any correction for the 
difference between live load and dead load effects should made the 
evaluation live load stress and dynamic increment. 

Replacement the working stress lb. higher value will 
remove the justification present loose methods load calculation: The 
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advocacy reduced live load step the wrong direction. 
With careful allowance for all dead load, and with ample specifications for 
the maximum anticipated live load, unit stress higher than 000 lb. would 
justified. combination would represent improved design- 
ing practice, and would correction conditions that are retarding the 
development the structural art. Low stresses not insure against lack 
skill and improper work; they induce it. 

The for the increase the prevailing working stress 
from 000 20000 Ib. per sq. in. based the premise that 
and care will used designing, detailing, and construction and the Com- 
mittee careful prescribe the required conditions.* 

With the basic unit stress per sq. in. for direct tension, the 
Committee recommends 20000 Ib. for the maximum fiber stress bending. 
has been suggested that this value might properly increased consid- 
eration the supporting influence lower stressed fibers adjacent the 
point maximum stress the extreme fiber. any rate, with the accom- 
panying reduction for length unbraced compression flange, this specification 


the Committee appears conservative. 


For columns, the Committee recommends maximum direct stress 
lb. per sq. in., corresponding safety margin 60% before the 
minimum service strength, conservatively estimated 25000 26000 
reached. The maximum stress 16000 for columns having lengths 
less than times their radii gyration. The recommended column formula 
for greater lengths which, denotes the excess this 
length-ratio above 50. the basis past test results, this formula provides 
adequate and consistent reduction column stress comparison with 
the unit stress 000 tension. 

The American Institute Steel Construction, also recognizing the waste 
represented the working stress, has adopted 000 Ib. per sq. in. 
basic unit stress for structural steel. number cities likewise have 
adopted this value their building codes. conservative Great Britain, 
working stress approximately 000 Ib. has long been the standard. 

the profession not ready adopt the recommendation the Com- 
mittee for tensile working stress should least take step 
that direction this time effectuating upward revision the basic 
unit stress for structural steel from the old empirical value 000 lb. per 
sq. in., the amply conservative value 000 Ib. per sq. in. 


Proceedings, Am. Soc. March, 1925,-Papers and Discussions, 403. 
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UNIT STRESSES TIMBER 


fact that there are several hundred species arborescent plants 
the United States and greater multiplicity such species tropics 
has led many engineers consider the subject wood and its properties too 
indefinite and complicated even superficial study, much less 
close analysis, 

The speaker’s purpose correct some misconceptions concerning wood. 
Under his about. 700 000 strength tests wood have 
formed, many which were structural timbers. Many others were made 
during the World War connection with aeroplane construction. 

People see pieces balsa wood, read about its being only 
heavy water, and about other species being heavier than They hear 
that the Army and Navy are using for spruce stress extreme fiber 
bending per sq. in., and also that aeroplanes have been examined 
and evidences found that the timber them had been subjected stress 
11000 12000 lb. without failure; and then, anti-climax, they see 
table stresses recommended. the Forest Products Laboratory, which 

“Select” grade spruce rated good for 1100 per sq. in. Usually, 
engineers and contractors stop here and say, “Well, since the factor safety 
for spruce evidently about 12, the load indicated stress 1100 
may multiplied and still within good margin safety; and 
with this wide margin almost any species can substituted for another 
the same sizes.” They not know wood thoroughly, they would not 
conceive this margin. Once while wood does fail. Most the fail- 
ures occur concrete forms and falsework. The optimistic contractor thinks 
has this large factor safety, the load, and down goes the 
structure. 

cation species, does haye familiar with the properties many 
species order use wood intelligently. not usually important 
able distinguish between species that are quite alike appearance and 
weight, since under conditions their strengths would 
the same. far strength concerned, for instance, not necessary 
able distinguish between ‘the fifty-seven different species oak. Where 
resistance decay importance they are divided into two groups. Again, 
not necessary—in fact, often impossible—to distinguish between the 
lumber the various species that are classed Southern pine. piece 
true loblolly short-leaf pine has the growth and appearance typical long- 
leaf has the properties the long-leaf; piece true long-leaf may 
soft and light weight and more representative “Arkansas soft pine” 


Chg., Section Timber Mechanics, Forest Service, Forest Products Laboratory, 
Madison, Wis. 
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than the average short-leaf pine the “Arkansas soft 
selected. 
The extremes the species general use for structural timbers, when 
considered from strength standpoint, are Eastern hemlock and white fir, the 
weakest, and Southern yellow pine Douglas fir, the strongest. The latter 
have about one and one-half times the strength and stiffness the hemlock 
and white fir. Douglas fir furnish not only. 
America’s structural timbers, but also than one-half all its lumber. 
too The characteristics the species, their inherent the prevalence 
service, and the influence duration stress are considered assigning 
working stresses. imposed factors which are common 
per- all species explain the difference recommended working stresses for 
made wood aeroplanes and house construction. These factors will illustrated 
the inverse order their importance, follows: (1) The variability 
the strength the clear wood; (2) the effects strength; (3) 
hear the duration stress; and (4) defects. 
see 
vhich 
ually, 
afety 
and 
not 
fail- 
hinks 
the 
many 
Modulus in- Hundreds Pounds per Square Inch 
ately 
gain, Fig. represents the modulus rupture Sitka spruce 
green condition. Sitka spruce taken example more data are 
available this species than practically any other, account its war- 
long- time importance ‘is characteristic all variability 
greater range above the while the most probable 
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average. density curve for any given species practically normal 
probability curve. The strength properties species vary usually power 
the gravity, fractional but greater than unity, which produces 
unsymmetrical curve the type shown Fig. 

assigning working stresses, primary consideration given the one- 
fourth the pieces lowest strength. For aeroplanes, lower limit for 
gravity set which eliminates most the lower one-tenth the 
material but does not change the most probable value. Southern yellow 
pine and Douglas fir possible eliminate little this low material 
(along with little the higher) the “ring” rule “rate growth” 
tule. more satisfactory rule for selecting material these species that 
known the density rule, which density determined from estimate 
the proportion summer wood. 


000 


Moisture Percentage Dry Weight 


2.—CoMPARISON VARIOUS STRENGTH SPRUCE 
WITH VARIATION MOISTURE. 


Fig. shown the influence moisture the strength spruce 
These are old curves. They represent work that was done quite 
number years ago relatively few pieces small size. More recent data 
show the average strength the green material slightly higher than 
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these early tests indicate. The horizontal line the right each curve repre- 
sents the strength the green material; when the fiber saturation point 


reached, that is, when all the free water out the cell, the cell wall 


water and the strength the material goes quite rapidly. Since 


any ordinary drying some the cells will contain free water while others 


are below the fiber saturation point, practice the curve, instead being 


straight the fiber saturation point, and then having sudden break upward, 
transition curve varying radius, depending numerous conditions. 


between this “green” strength and the strength 15% moisture, the most 
recent curve for modulus rupture shows practically increase per 
cent. The increase the shear strength not sufficient much 
importance structural material. 


LEGEND: 


Moisture Content 


Percentage 


Logarithm Duration Stress— Seconds 


3.—RELATION BETWEEN MECHANICAL PROPERTY SITKA SPRUCE AND 
DURATION STRESS. 


Ratio to similar Property tested in standard 


static bending (0.105 in. per min 


The diagram, Fig. shows the influence duration stress the 
strength logarithmic scale used for the time co-ordinate 
because illustrates the law better than direct plotting. The upper curve 
for fiber stress the elastic limit and the one for modulus rupture. 
each eurve the value from the Forest Products Laboratory’s standard 
tests, which require the average about min., taken 
100% marked Fig. 3). The point farthest the right (b) repre- 
sents the average strength pieces which broke from six months year 
under dead rupture strength data are available for time 
much less than sec. The point the extreme left-hand corner (c)* 
sents elastic limit stress impact. developing the curves little weight 
was given this point (even though represents thousands tests), since 
there are several factors which cannot eliminated and tend raise the 
point slightly. 


pruce 
ite 
data 
than 


aeroplane flight maintain the conditions which give 
almost two compared with the load that the same material carry for 
neglected unless the impact stress exceeds stress due 


its One the most serious defects decay, which should not 
allowed any important structural that thoroughly air- 
dry and constantly kept that condition will not decay unless con- 
tact with other material that mill floor Philadelphia, 
recently examined, that wet pine had been sealed 
with paper and wet concrete below and thoroughly 
oiled, making the conditions ideal for decay. The sub-floor rotted com- 
pletely, and the fungi. passed through the top floor and base moulding the 
long-leaf pine columns, rotting them out two These the 
must prevented timber buildings. 
Fig. shows knot, another serious type defect timber which: often 
reduces the strength piece almost zero. knot part limb 
which, the tree grew, became part the trunk. The fibers run from the 
bottom out into the limb. the top they kind crinkle 
the knot. Some them there, but number run through into the 
limb. the wood along the grain and across the 
mendously different. variation fifteen fortyfold. 
better have hole the size the have the knot with 
its attendant cross-grain. 

The influence that knot the tension face the point maximum 
moment exerts the strength beam approximately measured 
the ratio the diameter the knot the width the 

eter the knot measured: between parallel the edges the face. 
That is, knot one-fourth the width the face, strength 
per cent. thé side would have one-half 
this influence. knots have somewhat greater influence the strength 
grain around them; effect taken the grading: rules recom- 
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they develop more checks, especially around knots. The result that although 
the average strength increased drying, about 25% show 
increase, and, therefore, increase working stress account season- 
ing allowed. the higher grades joists, in. and less thickness, 
slight increase strength recognized, the full strength 


re 
| 
f 
| 


mM 


Papers, 


give 


factor 


for 


struc- 
load 


aber 


not 


the 


often 
limb 
the 
around 
the 


with 


ximum 


SHOWING CHARACTERISTIC DIFFERENCE BEHAVIOR 
FIBERS LOWER AND UPPER SIDES 


Papers. 
1441 
show 
season- 
trength 


q 
| 
a | of 
| 
de 
BD 3 4 
@ « t 
re 
nl 
4 
4 
| 
< 
E 
i 


Papers.] UNIT STRESSES TIMBER 1443 


clear wood 15% moisture and duration stress sec. may 
developed. 


How Stresses DETERMINED 


arriving safe stress for “Select” grade spruce structural timber, 
the starting point would 760 per sq. in., which the average modulus 
rupture for small, clear stock tested green standard speed. Reduce this 
one-fourth take care the variability the clear wood; make another 
reduction one-fourth take care the maximum defect permitted the 
grade; then take off about seven-sixteenths for the dead load effect over 


the stress under long-time loading which occasional timber; possibly 
25, would expected fail, Thus, the recommended stress 1100 
per sq. in. gives factor safety for this bad timber worst 
condition loading. The average timber has factor safety about 
for long-time loading, and for few minutes will show factor safety 
With average timbers under impact there would factor about When 
the influence duration stress the strength timber considered, 
apparent why recommended that timber designed for dead load and 
for long period time neglecting any impact stresses unless they exceed 
the stresses due the live load which produces those stresses. Wherever tests 
structural timbers are available they are found check these factors quite 
closely. 

For many years the Forest Products. Laboratory refrained from assigning 
any stress timber and always has refused recommend stresses where 
the grading rule does not limit quite closely the weakest timber that could 
accepted. The stresses were finally recommended the urgent request 
engineers, and although the lumber interests were given attention, they have 
had vote fixing these final values. 


INCREASING THE EFFICIENCY PASSENGER 
TRANSPORTATION CITY STREETS 


Discussion* 


fy 


Am. (by letter).t—The author has touched 
subject that fast becoming critical many cities. The continued 
and inereasing traffic congestion will inevitably result gradual decen- 
tralization business activities pointed out the paper. 

doubtful, however, the elimination parking retail zones will 
have the wholesome assumed. not clear why the change business 
conditions Pittsburgh between 1924-25 should linked with the enforce- 
the no-parking Many other factors could account for 
these changes. seems purely gratuitious assume that less reduction 
down-town retail sales over district retail sales due “no-parking” 
the down-town district. 

that the elimination parking will materially relieve congestion. will, 
temporarily least, reduce the number daily use, because many 
ears will left home they cannot parked. 

The point the writer wishes make that the delays move- 
ment that often result congestion originate street intersections, and 
cannot remedied providing more space the middle the blocks. 
street with both curb spaces full parked cars still wide enough for 
line moving vehicles each direction, the vehicles cannot pass through 
the street faster than they can cross the intersection, hence there nothing 
gained removing the parked cars. 

The efficiency intersection theoretically cannot exceed 50% and 
actually much less, that the space for moving approaching grade 
crossing need not more than one-half that which would required the 
grades were separated. “efficiency” intersection meant the ratio 
the number vehicles that may pass grade intersection the number 
that could pass the same point the grades were separated. 


discussion (of the paper John Miller, Jr., Assoc. Am. Soc. E., published 
May, 1926, Proceedings, and presented the meeting June 1926), printed 
Proceedings order that the views expressed may brought before all members for further 
discussion. 

Cons. Hydr. Engr. (Stevens Koon), Portland, Ore. 


Received the Secretary, May 24, 1926. 
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simplified illustration, suppose were practicable for cars move 
space the cars the moving lines that those one line will pass between 
those the other line without interference. They might imagined fixed 
cable lines being drawn uniform and equal speeds. There 
may one line, two more parallel lines, cars each street. The 
required spacing cars permit passing this manner surprisingly large, 
and this spacing for grade crossings compared with the spacing for separated 
grades measure the optimum efficiency the grade crossings, which, 
readily shown, can never exceed 50% even when are passed large 


average length cars; 


average width cars; 

desired end clearance between 

end clearance between fleets cars; 

distance center center parallel lines traffic; 
number ranks cars one fleet; and 

number parallel lines traffic each street. 


the two intersecting lines are moving uniform and equal speeds—the 
actual speed being immaterial—from Fig. 


the grades were separated, however, the cars spaced distance, 
center center, hence the efficiency the grade crossing is, 


The majority cars measure 5.8 ft. Based end clearance 
between cars equal their width, the spacing, center center, must ft. 
for grade crossings and ft. for separated grades, hence the optimum 
ciency for grade crossing 39% for single line such cars each 
street, crossing one one. 

there are two parallel lines traffic each street, being 
whether the lines are moving the same opposite directions, the spacing 
between cars found be, 


Two ears parallel are equivalent single car the width which 

grades were separated, the end spacing the same for single 
line, hence the optimum efficiency for cars passing ranks two is, 


Using the same average dimensions before and fixing ft., the 
required spacing found ft. between ranks and the efficiency the 
crossing only per cent. there were four lines traffic each street, 
the spacing would have ft. and the efficiency drops per cent. 
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Where there considerable traffic, vehicles are usually passed intersec- 
tions fleets, which tends increase the efficiency considerably. fleet 
movements all traffic one street held for time while that the other 
passing. The clearance between fleets must not less than the width 
one sidewalk (to permit pedestrian travel) plus the distance from 
the near edge the traffic line the other street. 


fleet cars equivalent one car the length which and 
the width, for single line, for two parallel lines, for three 
lines, ete. The general expression for the spacing fleets then becomes 
(Fig. 5), 


grades were separated the spacing hence the efficiency 
the crossing is, 
the average distance center center parallel lines traffie fixed 
ft. and the average fleet clearance, ft., the values for the efficien- 


Ranks cars 
per fleet, (n). 


40.6 
44.7 
47.0 43.8 41.0 
100 49.6 49.2 48.8 


The purpose this analysis show that delays, and consequently con- 
gestion, originate mainly grade crossings. Vehicles not travel 
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orderly and uniform manner here assumed. They are all sizes from 
“flivvers” trucks and triple-header street cars; they “bunch up” cross- 
ing; every available. The clearances may any 
distance from zero up. This traffic complex has the effect reducing the 
efficiency grade crossings over what would obtain traffic could sys- 
tematically and orderly dispatched. 

Even with the best ordered system traftic control doubtful whether 
the traffic that can pass grade crossings much more than one-fourth that 
which pass were the grades separated. then impossible pass 
through the streets more than one-fourth their capacity, obvious that 
widening them eliminating parked cars cannot advanced promising 
relief for traffic congestion. 

Most cities permit limited time parking the business district, provide 
safety zones for street car passengers, and prohibit any parking that will inter- 
fere with such zones. many cities all parked cars must moved off the 
streets the business section about 4:30 with the object providing 
more space for moving traffic during the home-going rush. Wherever streets 
are wide enough permit line traffic between street cars and the line 
cars parked the curb quite obvious that the requirement defeats 
the very object intended accomplish. 

Just before the evening rush, from one-third one-half the total number 
cars the business district are parked. all such parked cars required 
move out this time, they only add greatly the congestion street 
intersections without providing more space needed, since the 
room they formerly occupied the curb taken slowly creeping lines 
traffic. Parked cars cannot add congestion but 
moving cars, oecupying the same space, can. only when parked cars 
prevent moving cars from reaching intersection rapidly they can 
that the parked cars hinder traffic. 

Moreover, there only one parked car the block prevents line 
from moving next the curb just effectively the entire curb 
were filled with parked cars. Thus, street from center line may 
wide enough three lines traffic, single car parked the curb 
that block reduces the street’s capacity two traffic lines. were better then 
that the remainder the block filled with parked cars rather than that 
those cars adding the congestion the intersection. 

the writer’s opinion that money expended the enlargement 
street intersections double quadruple their present width will give far 
greater relief from congestion than equal amount expended any other 
manner. 


Harry (by paper concise and clear 
exposition matter that vital importance not only the merchants 
the congested areas cities, but every taxpayer and rent-payer therein. 

patent every observer that the automobile, particularly the passenger 
automobile, when used provide rapid and comfortable transportation the 


The Miller-Schorn System, Detroit, Mich. 
Received the Secretary, June 
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districts, has brought about condition whereby enormous sums 
money must spent for street widenings (with doubtful permanent solution 
the problem) and with the ultimate result compelling merchants 
those districts spend large sums money establishing and maintaining 
branch stores. 

From the standpoint economics, would seem that money spent for 
intensive street widening and for merchandising establishments only 
defensible last resort, that is, after all other potential solutions have 
failed. This particularly true among these plans there one 
revenue-producing character. 

Subways not fall under such heading because the expense both 
construction and operation, and neither trolley cars buses when used 
service alone because the comfort and speed learned from the use 
the passenger automobile. 

The schedule speeds trolley cars certain American cities have been 
follows: 

per hour. 
Chicago, (Outside 11.63 


and the schedule speeds the buses the Chicago Motor Bus Company are 
given as: 
Miles per hour. 


Chicago, the difference speed between the trolley cars and buses 
not sufficient make either type unit attractive competitor the 
space-wasting passenger automobile, and neither can the trolley 
car bus ever become attractive until its schedule speed with 
the passenger automobile—a condition not possible attainment when trolley 
cars and buses are making from five ten stops per mile. 

However, increased schedule speed can procured (without. raising the 
maximum speed) reducing the number stops, but doing, considera- 
tion must given the fact that surface transportation not terminal- 
to-terminal proposition, but. depends intermediate business for existence. 
Such being the case, the answer obvious—install the same street 
express and local service, using the trolley cars express units, stopping 


Bus Transportation, February, 1923, 
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approximately once the mile, and buses local units, stopping five ten 
times per mile, the business warrants. 

Coupled with this combination service the plan making the vehicular 
more “fluid” removing the necessity for vehicles stopping with 
behind standing trolley cars, such proposed Detroit. This plan 
utilizes, this express station, passenger depot located between the tracks 
with pedestrian subway leading thereto from the sidewalk. With such 
the trolley car rider protected going and from the and, 
the same time, vehicular traffic flows uninterruptedly. 

summarize: The passenger automobile with two passengers occupying 
approximately sq. ft. street space per passenger, against 7.57 sq. ft. per 
seated passenger “Peter Witt” street car, and approximately one-half 
much the the double-deck trolley car double-deck bus, the 
principal agent producing congestion the business districts 
American cities. 

Whereas the individual should have every consideration his attempt 
provide rapid transportation for himself the use the passenger automo- 
bile, nevertheless when the use such vehicle places the community 
whole inequitable burden, the individual’s interest should made subor- 
dinate the interest the community. compel the individual 
anything invariably meets with violent opposition; provide him with some~ 
thing which adds his convenience through appeal his love new 
methods, entirely different matter. 

The combination express and local service herein mentioned will eliminate 
the ruinous competition between trolley cars and buses, and will aid materially 
solving the congestion problem, that provides new and novel means 
transporting the individual through the city streets vehicles that are 
economical space required. they may operate higher schedule 
speeds and combination with express stations located between the tracks 
protection given.to the trolley car riders going and from the car—not 
mention the removal obstruction the flow vehicular traffic 
eliminating the stopping vehicles with trolley cars. 

This combination express and local service revenue producer, which 


cannot said money spent intensive street widening for building 
branch stores. 


presenting such comprehensive paper. Mr. Miller, his analysis, points 
out how inefficiently street space now used. feel, however, that the 
only way increasing efficiency streets the substitution buses 
for taxicabs and private cars falls short, the writer’s opinion the real 
solution. 


This plan can considered only one phase the problem after due 


consideration has been given proper routing. Mr. Miller fails carry 


his analysis far enough mention that specific hours the day traffic 


Editor, Bus Transportation, New York, 
Received the Secretary, June 1926. 
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conditions change, and what can considered acceptable good public 
transportation during normal hours will not satisfactory other times 
the day and evening. this ever-changing condition that havoc 
with any fixed public transportation system. order that such system 
worth while must routed meet traffic conditions. 

The greatest difficulty the handling city traffic mid-town shopping 
and business areas the personal selfishness few people during shopping 
hours. This class includes the business man who wants use public streets 
for private parking while transacts his daily business. 

the evening, course, the theatre and “joy-riding” must 
handled, and this something entirely apart from the day traffic. 
true that many taxicabs and private cars can replaced with the parlor car 
type bus when operated over carefully selected routes the larger cities 
from such points road terminals hotels and department stores. some 
cities these bus lines would serve more efficiently they were run taxi- 
cab basis instead common carriers. Such routes, however, when operated 
common carrier basis must able make good time possible 
with the more inefficient street-space-occupying vehicle—the taxicab—which 
has now necessity every-day life. There are taxicabs 
New York, 1800 Washington, 1500 Philadelphia, and 400 Chicago. 
Even so, most difficult find empty one stormy day these 
Whether the time morning, afternoon, evening, “try and get 
one”. would seem the man the street, then, that there are not 
enough. 

One the first steps toward increasing street efficiencies determine 
definite plan for handling various volumes vehicular traffic. This re- 
quires first the keeping continuous and comprehensive census the 
origin and destination all classes vehicles using city streets, especially 
those that pass through the mid-town areas or, the larger cities, certain 
fixed areas. Then this traffic must separated expedite its movement 
definite routes that will reach its destination the easiest and most 
direct way. becomes then merely problem transportation engineering, 
one schedule-making determine how best handle each stream 
traffic according its density different hours the day. 

have such plan adopted the public must taught that all traffic need 
not use the same arteries the city. the past, cities and towns along 
the principal highways that all tourists pass through “Main 
Street”. That desire fast changing account the congestion thus 
created, and now possible travel around many the moderate sized 
cities over specified routes without being involved purely local traffic. 
education that needed, along with proper route markings signs 
numbers, following somewhat the plan that used the inter-city highways. 

Purely local traffic can handled somewhat the same manner. 


volumes are first analyzed. This phase the work must carried 


trained men who appreciate the manner which done, and why, 
and should followed observers whose business lay out routes. 
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The parking idea fits into this plan, for becomes necessary keep these 
fast moving arteries clear handle their full quota traffic the peak hours. 
Parking must prevented afford the street capacity necessary 
the volume. other times traffic will not-be interfered with parking 
permitted, 

The use control signals must, necessity, fitted into the proper han- 
dling traffic over these main arteries, but more attention must paid 
their operation than the north and south highways New York 
City. There must clear east and west through streets well the north 
and south avenues. This means close study cross traffic over the longer 
avenues that more than one can crossed time. 

The volume traffic according the lanes travel must kept nearly 
equal possible over different arteries the time trave] one street 
kept unison with its neighbor. 

With all large cities charted, signed, and properly advertised for the benefit 
local traffic the writer’s opinion that many the difficulties highway 
travel can obviated and streets can called carry greater volume 
traffic without the necessity extraordinary widening programs. will 
mean, however, that streets selected for main will have repaved 
with suitable smooth surface. 

practical slogan for street efficiency would be: “Make each street carry 
its full quota traffic according its available space”, eliminate 
congestion and bottle-necks few streets. 


Joun Lona,* (by only two points this paper 
would the writer fundamentally disagree: 

the belief the National Automobile Chamber Commerce, 
representing the automobile industry, that the leadership engineers the 
major solution for traffic difficulties cities. 

2.—Popular opinion will complete restriction parking even 
this might permit the movement greater volume persons over city 
streets. 


Engineering Guidance.—It not pertinent discuss the details the 
paper since the writer takes issue with the major premises. The time 
hand when the engineer will have added dignity and more highly appre- 
ciated the public because can the Moses lead out traffic con- 
gestion. Certainly things are not pass that cities must resigned 
the more facilities are too costly too elaborate, and that there- 


fore the main remedy attack parking issue. The chief trouble that 


the public has been slow realize what and what can do. 
popular fallacy look him some one wrapped about with blue- 
prints, having his nose tied down insignificant detail. 

matter fact the engineer fundamentally organizer. knows 
that detail important, that results not come about virtue “ballyhoo”. 
handles detail, however, the same manner that the general organizes 


Educational Dept., National Automobile Chamber Commerce, New York, 
Received the Secretary, June 1926. 
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masses troops, food supplies, and ammunition. Present events foreshadow 
the birthday, more accurately, the re-birth, the engineer public affairs. 
The engineer’s importance the World War was universally recognized. 
Here, again, another great possibility needing organizing brains. The auto- 
mobile industry, which engineering utmost importance, would the 
last concede that the traffic situation ean met primarily ordinances 
rather than the generalship the 

Every city should have engineer, and should have responsible 
authority. State governments during the past ten years have come realize 
that highway control and development primarily engineering proposition, 
that now State highway projects are laid out and carried through from start 
finish engineering brains. Apparently the cities are the very 
city planning commissions have been functioning, many instances these 
commissions have been fostered few forward-looking citizens, but have not 
been taken with great deal seriousness because the need was not imme- 
diately pressing far the public was To- day, traffic public 
issue. 

Before admitting that the solution lies with the police force, why not permit 
the engineers have try it? typically engineering job. The 
basic facilities are not used anywhere near capacity, and the first imme- 
diate step every engineering analysis the situation with ade- 
quate publicity tell the public what needs done. the same time, the 
engineers will have the job indicating what should the immediate and 
permanent improvements. 

Force Public engineering world will doubtless 
this mandate, but even this were not so, the public demand for assistance 
likely overwhelming. The American spirit seek results and not 
restrictions. The man who owns automobile can convinced the rea- 
sonableness limitations his parking, but not likely submit 
absolute prohibition the use the streets which what the “absolutely 
no-parking” rule would mean. man cannot park his motor car for 
space time down-town areas, means that the usefulness his machine 
such sections practically nullified, and who has put his 
ment into motor transport not going see its value curtailed without pro- 
test. will say that the engineering the country have been 
able build the Panama Canal and the Roosevelt Dam, they cam work out 
some method doing away with the “bottle-necks” city traffic and arrange 
for other provisions that will permit greater use motor travel. 

The author, some degree, covers this comment expressing 
that various physical improvements traffic the long run invite more 
vehicles with the result that the situation becomes acute again shortly after 
relief has been introduced. also suggests that the elimination parking 
scientific method making street spaces more useful. His approach 
from engineering difference opinion lies essentially 
greater belief the part the National Automobile Chamber Com- 
merce the capability the engineer organizing factor. Rightly 
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planned, improvement measures will not lead repetition the 
same and drastic restrictions are not necessary until the engineer 
has been given much freer opportunity handle the job and see what 
with it. 


letters unopened for one week the theory that those matters which needed 
attention received anyway within that time the trouble of. replying 
was avoided. also said that America wasted enormous sums money 
the World War constructing ships before properly equipped shipyards 
built economical organizations established. 

The foregoing are matters hearsay; but matter fact that much 
the labor expended the Tratiic Committee the Manhattan Surface 
Line Operators (New York City) during the past five months could have been 
saved waiting for this able paper. This Committee has collected data 
and reached conclusions closely paralleling those Mr. 

This Committee the Manhattan Surface Line Operators was 
organized January, 1926, for the purpose studying conditions 
New York City and devising some measures for their relief. 
result its study and the collective experience its members the trans- 
portation field, clear that appreciable relief can afforded until the 
unlimited use private automobiles congested districts checked. 

The Committee does not recommend any such drastic measure the 
creation areas into which private cars cannot go. does advocate, how- 
ever, the enactment and rigid ordinances which will restrict 
parking that the movement private the streets where those ordi- 
are force discouraged. Specifically, parking should confined 
one side one-way streets and should prohibited thoroughfares 
south 65th Street where street cars and permanently established bus lines 
operate. 

There tendency the part people public and private life 
regard the automobile sacred vehicle transit whose owners are endowed 
with certain special privileges superior the rights the general public. 
This probably accounts for the makeshift remedies proposed 
from time time means relieving without eliminating 
the cause. 

Upon analysis the traffic problem becomes application the 
old law supply and demand will far toward solving it. Streets that 
were built before the automobile age are called carry traffic far beyond 
their capacity. space woefully inadequate for the requirements 
the hundreds thousands motor vehicles the Metropolitan Area, and 
always will be, matter how much additional space provided, with the 
habit riding private cars unchecked. every person who owns motor 
car encouraged continue use excessive amount roadway 
space while traveling the congested districts, and, addition, per- 
mitted clutter the already over-crowded streets with his automobile 


Vice-Pres., New York Rys. Corp., New York, 
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even when empty, the supply street space will never catch with 
the demand. 

The only reason why there are not two three times many private auto- 
mobiles down town there are present the lack room for them. Only 
small proportion automobile owners now are able use the down-town 
streets, and new streets could constructed overnight change would 
occur the traffic situation except that larger proportion private car 
owners would able use them. The congestion would not relieved any 
more than has been relieved various street openings and street widen- 
ings the past 

Congestion will relieved materially and when parking 
restrictions are put into effect and rigorously enforced. the first place, 
two additional lanes travel will opened once every thorough- 
fare where parking prohibited, thus increasing the carrying capacity 
those thoroughfares between and 50%, depending their width. the 
second place (and this perhaps the more important consideration) thousands 
motor-car owners who now use the most crowded streets the most 
crowded sections unnecessarily, except far they fancy their own per- 
sonal comfort promoted, would longer so. 

The purpose the Surface Line Operators seeking parking restrictions 
not force the private car owner use street cars. They would gain but 
small part this patronage; most would the taxicabs and 
the subway and elevated lines, rather than the surface roads with their 
relatively shorter haul. What they are interested the speeding 
traffic, enabling them maintain schedules and provide the hundreds 
thousands their daily patrons with better service and thus encourage 
more general use vehicles that engage mass transportation. The speeding 
traffic, course, would advaritageous moving automobiles and 
taxicabs moving street cars. 

The merchants, some them, are the principal champions parking. 
They are solicitous the luxurious comfort the lady who drives 
their doors private sedan that they inadvertently are doing their utmost 
make their stores and fact the entire mid-town section inaccessible 
the thousands her sisters who travel foot and public conveyances. 
Their attitude, continued, will result sooner later causing general 
decentralization retail business, which perhaps from the standpoint 
interest desired; but the mid-town merchants and property 
owners surely will not such developments. Already there amaz- 
ing growth shopping and amusement centers residential sections. Bigger 
and better neighborhood stores and neighborhood theatres are springing 
constantly and each year larger proportion people patronize these local 
enterprises instead subjecting themselves the loss time and incon- 
venience incidental trip the congested “Thirties”, “Forties” and 

ciency the present use the principal streets American cities clearly 
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shown evidence. First, necessary consider what the efficient use 
street is. One cannot claim any degree inefficiency unless has some 
standard with which the traffic being carried street can compared. 
The Regional Plan New York and Its Environs has made some theoret- 
ical studies the vehicular traffic that streets various types should carry 
under different conditions. One the results such studies shown 
Fig. While the curves given were derived theoretically they are based 
observations velocity and spacing for various groups vehicles occupying 
length several hundred feet roadway. Rates acceleration and decel- 
eration were determined from observations vehicles Fifth Avenue, 


‘Borough Manhattan. formula was developed corresponding the curve 


marked “Uninterrupted which shows the number vehicles per lane 
per hour function the velocity, miles per hour, assuming that all 
grade crossings were eliminated and that the lanes traffic considered were 
entirely given over moving vehicles. may seen that the capacity 
such street increases velocity about miles per hour and then 
decreases slightly with higher velocities. 


Velocity Miles per Hour 


Few streets provide “uninterrupted here defined, and therefore 
another formula was developed for conditions such exist Fifth Avenue, 
and other principal avenues, that is, “stop-and-go” system traffic control. 
The time schedule (90 sec. for motion, out complete cycle 160 sec.) 
operation 1925 Fifth Avenue was used. The curve showing this, marked 
“Tower Traffic Regulation—Running Velocity”, indicates capacities approxi- 
mately one-half those that might obtained for uninterrupted traffic. The 
running velocity this case means that maintained vehicles after they had 
reached full speed, corresponding the speed limit the The average 
velocity considerably less than this due the periodic stopping for cross 
curve showing the relationship the average velocity permitted 
under such control was added therefore the diagram. lags con- 
siderably behind the curve based running velocity. 
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each moving lane street were used 100% efficiency the eapacity 


the street under different running velocities could obtained multiply- 
ing lane capacities obtained from Fig. the number moving lanes. The 


upper curve should used for uninterrupted traffic and the lower 
marked “Running Velocity” where stop-and-go system traffic regulation 
existence. machine, however, expected maintain 100% efficiency 
and likewise street could expected carry each its moving lanes 


the traffic shown Fig. is, however, reasonable state that street 
with four moving lanes could each lane about 80% the single-lane 
capacities shown. 


ious Velocities 


1100 


1000 


44 

Cr 


Vehicles per Moving Lane per Hour 


Average Velocity Miles per Hour 

7.—OBSERVED RELATIONS BETWEEN VOLUME AND VELOCITY VEHICULAR TRAFFIC 


OcTOBER AND NOVEMBER, 1924. 


Fig. indicates conditions they existed typical streets Manhattan 
the fall 1924. based 983 different observations the relations 
between volume and velocity vehicular traffic over stretches roadway from 
0.4 1.0 mile length. The figures given within the squares represent the 
number observations which come within the limits that part the dia- 
gram. For example, there were nine observations which showed use 
between 300 and 350 vehicles per moving lane average velocities between 
and per hour. 
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The upper curve shows the theoretical single-lane capacity for tower 
regulation given Fig. This represented conditions streets with 
unobstructed pavements; only part the observations made were such 
streets there has also been added curve showing corresponding capacities for 
streets with four moving lanes vehicles and two trolley tracks within those 
moving lanes, all the streets which observations were made were being 
used full capacity, the points plotted would have approached within about 
80% the figures represented the single-lane capacity curves. obvious 
that they come far short this. 

average use curve for various velocities also shown. This indicates 
that increased use was obtained only the sacrifice very considerable 
amount velocity and when the latter exceeded about 11.5 miles per hour 
the average curve shows practically constant use only about 200 vehicles 
per lane per hour. This corresponds with only one-third one-fourth the 
traffic which those streets could have carried. The average weighted velocity 
all the observations made was 11.3 miles per hour. What thé 
not due any general condition existing all over the Borough Man- 
hattan but congested intersections and delays caused the most serious 
friction points within the city. These have restricted the movement 
vehicles throughout the Borough and have made impossible the efficient use 
streets not only the points congestion but some distance from them. 

Probably impossible eliminate all congestion large cities. This 
can best relieved carrying out comprehensive traffic plans which would 
tend separate through from local and former 
routes planned primarily for its accommodation and laid out furnish more 
direct communication between separate business and population centers. The 
business streets will still called heavy traffic, but the speaker 
believes that much can done obtain better traffic conditions them. 
What needed not greater running velocity speed limit but greater 
average velocity maintained between any two parts the city. avails 
man little able travel for few hundred feet the rate miles 
per hour must stop often because traffic delays. 

What really counts the average speed which can make. This can 
best increased main avenues trying out system progressive 
control signals designed that motorist proceeds along street 
reasonable running velocity each light signal would change the “Go” signal 
arrived its location. This being done successfully Chicago 
and Washington and understood that the New York City Police Depart- 
ment plans experiment with such system New York City. would 
necessary plan for velocity which could maintained large 
majority the vehicles using the street. Where trolley cars are involved 
Chicago has found that this velocity must about miles per hour order 
the trolleys with the light signals. Where street 
used mainly for passenger traffic and free from trolley tracks, the system 
could designed for much higher velocity. Such condition exists the 
Grand Boulevard and Concourse the Borough the Bronx and other 
parts New York City. two Manhattan’s avenues could cleared 


servations 
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trolley tracks and vehicles permitted maintain speed miles per 


hour the saving time the motor vehicles using those avenues would 
represent several million dollars per year. 

the main avenues coming into city nothing can reduce delays more 
than the separation grades the most important highway intersections. 
Because the great expense such procedure not feasible the Borough 
Manhattan except few the most serious points, but the speaker 
believes that advisable and could readily done the main highways 
suburban districts. many such cases would require relatively small 
expense. 

Mr. Miller has pointed out clearly the obstruction caused standing 
vehicles moving traffic. could not, however, obtain the full extra lane 
capacity suggested, this would require the elimination not only parking 
but all stopping vehicles. While this might done certain hours 
the day and certain restricted localities the speaker does not believe 
that can applied over congested areas considerable size. could 
accomplished front large office buildings, stores, warehouses, which 
have considerable amount traffic and from their doors, compelling 
them provide, within their property limes, space for the unloading both 
freight and passenger vehicles. This should done, but not reasonable 
expect property owner with only ft. street front restricted 
from stopping vehicle occasionally front his building. There are 
always some such sections property within the areas congestion and 
for that reason not possible apply any regulation forbidding the stop- 
ping vehicles throughout such areas. 

Mr. Miller’s views what can done the way substituting buses 
for taxicabs seem somewhat optimistic. Conditions Washington are prob- 
ably much more advantageous for such procedure than those New York 
City. The taxicab and private automobile are far more flexible than the 
motor bus can ever and will undoubtedly continue exist increasing 
numbers. Frequently the rider desires door-to-door service. This the taxi- 
gives and the motor bug can never provide any ‘such scale. 

About the only real substitute for the taxicab and private motor vehicle, 
such sections down-town Manhattan, rapid transit service. may 
become necessary carry large number the people who now come 
automobiles the center the city modern underground rapid transit 
facilities for mass transportation. The transfer, the edges congested 
districts, between taxicabs private motor vehicles and such rapid transit 
lines should encouraged. 


speaker agrees with the author his 
The outstanding point the paper that create new lanes 
traffic, whether widening existing roadways, arcading sidewalks, 
cutting through new streets, double-decking existing routes, will not afford 


the same permanent relief from traffic congestion the more economical 


Third Ave. Ry. System, New York, 


| 
| 
i 
: 
q 
| 
j 
a 4 
* id 
iq 
| 
— 
| 
| 
| 


THOMPSON PASSENGER TRANSPORTATION STREETS 1459 


use existing street space units larger carrying capacity and the 
prohibition parking. 

There are numerous proofs New York City that the author’s conclu- 
sions are sound. Some years ago Fifth Avenue was widened. More recently, 
First Avenue has been converted into wide, well-paved street. Lafayette 
Street, Park Avenue, and Varick Street have been improved. All these better- 
ments were highly desirable, but collectively they have failed their primary 
purpose relieving congestion. Without proper regulation, 
number the thousands pent-up automobiles all around the congested area 
will trickle into and congest new arteries fast they can opened. 

When limited parking parking was first suggested remedy for 
traffic congestion, merchants insisted that such regulations would disastrous 
their business. That this viewpoint changing and changing rapidly, 
clearly indicated the replies about merchants questionnaires sent 
out the Department Commerce connection with exhaustive 
study “Vehicular Traffic Congestion and Retail Business”.* 

These replies indicate that merchants are realizing more and more that 
vehicular congestion, caused largely, Mr. Miller has pointed out, parked 
automobiles, has reached the point where destroying their business 
decentralization and diversion trade sub-centers. When they 
realize that, they, too, will insist “No Parking” congested areas. 

The relief gained from “no parking” is, course, that would leave 
the entire roadway for the use moving vehicles except for such obstruction 
loading and unloading the curb. distinction should 
made between passenger automobiles and trucks regards the effect their 
loading and unloading the curb. Passenger automobiles load and unload 
quickly and most cases such infrequent intervals that not neces- 
sary prohibit their use this manner order obtain large measure 
advantage from the “no parking” rule. With trucks the entirely dif- 
ferent and neither loading nor unloading possible without destroying the 
benefits expected from “no parking”. Therefore, traffic regulations must take 
into account the nature the business the street its enforcement will 
impracticable. 

the Borough Manhattan the flow travel the morning south 
and the afternoon north. least some measure relief would derived 
from “no parking” prohibiting parking the west*sides the main, 
north and south arteries during the morning rush, say, from 8:00 10:00 
M., provide unrestricted flow south-bound traffic and the 
afternoon the same regulations applied the east sides from, say, 4:00 
7:00 would provide unrestricted flow north-bound traffic. Certainly, 
retail business and office building districts, such regulations would create 
additional lane the direction the heaviest flow traffic, now obstructed 
parked cars. The fairness the regulation, shifting the “no parking” 
from one side the street the other during different portions the day. 

Trade Information Bulletin No. Dept. Commerce, April, 1926, 
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should overcome any objections from merchants while the plan 
tried out. 

the more economical use existing street space, the speaker would 
like add that various observations made heavy traffic centers the Third 
Avenue Railway System corroborate, every essential detail, the facts that 
have been fully set forth the tables the paper. 


Lewis question whether the entire elimination 
parking, even were practical, would actually add another lane 
The minimum practical width for traffic lane moving vehicles greater 
than the width line vehicles parked against the curb. Furthermore, 
drivers can not expected drive their cars close the curb vehicles 
can parked, nor would safe for pedestrians. 

Although favoring the elimination parking, far practically 
attainable, the speaker desires emphasize the fact that the chief causes 
congestion are “bottle-necks”. one case interurban motor-vehicle 
traffic well-known highway, the average speed had been reduced from 
miles per hour because “S” turn the road. The throttling 
traffic caused this was felt for distance almost miles back from the 
constriction. Similar, though less clearly marked cases, occur throughout city 
streets, due constriction intersections and throttling caused safety 
zones, trucks backing the sidewalk for loading unloading, and similar 
obstructions. does not much matter how fast the traffic can run through 
block cannot get out the other end reasonable rate. 

parked bus throttles traffic, shown the congestion caused buses 
collecting street intersections load unload passengers, Fifth 
Avenue New York City and Michigan Boulevard Chicago. for taxi- 
cabs, obvious that there would not 000 New York City 
they did not supply real need. One such need the convenient handling 
personal baggage. may account for the extreme use taxicabs 
between and hotels. is, course, true that the traveling 
public pays for empty taxicabs just pays for empty seats buses and 
trolley cars. 


addition automobile parking which Mr. Miller 
discusses fully, there are other factors bearing the efficiency passenger 
transportation streets, which the speaker will outline briefly follows. 

Routing considerable part the through traffie enter- 
ing the business area any city does not because desire there 
but because does not know how get through the city any other way. 
Provide circumferential streets by-pass routes well marked with directional 
information, and through traffic without errand down town will avoid 
the busy section. course, markings indicating the route the business 
area should provided for those who desire stop there. Every through- 


Director, Safety Eng. Div., National Bureau Casualty and Surety Underwriters, 
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pound automobile by-passed from the busy area helps little reduce the 
congestion and thereby benefits all forms passenger transportation. 

The “Skip Plan for Street adoption for street cars 
the “skip stop” plan picking and discharging passengers has speeded 
street traffic many cities avoiding delays incident the operation 
such carriers and private cars city streets. 

One-Way cities having the adoption plan 
one-way streets has generally had beneficial effect congestion. One 
would not think attempting put water through pipe two directions 
the same time. 

protest will raised whatever done toward improving con- 
ditions. However, to-day’s protest which seems reasonable to-day becomes 
absurd to-morrow. years ago was proposed widen 
Broadway, New York, setting the sidewalk line The Broadway busi- 
ness men protested, and the basis their protest was that they would lose 
space which pile cordwood. 


whole traffic problem community prob- 
lem and one the difficulties with its solution has been that each individual 
approaches from the standpoint his own interests. The merchant objects 
seriously restrictions parking because thinks likely injure 
his business. think traffic movement the speed with which private 
cars can driven through the city streets. The public attitude toward the 
traffic problem based personal experience with the automobile. People 
still maintain the right use their own personal transportation under the 
intensely complicated conditions modern metropolitan cities, and opinions 
transportation are sometimes slightly biased owing that per- 
sonal viewpoint. 

The truckman, the man who handling freight and commodities city 
streets, thinks traffic problems the terms his own business. The same 
true the trolley man, and others. The taxicab owner would seriously 
object Mr. Miller’s suggestion regarding the restriction taxicabs. 

few are beginning have new conception local transportation 
whole. apparent that the development modern cities dependent 
the growth transportation. The very life blood great city depends 
its transit facilities. Interrupt the transit facilities and most striking 
example the dependence mankind transportation demonstrated. 

Co-ordination the keynote this problem. The trolley and bus inter- 
ests have discussed co-ordination the handling passengers city streets. 
Add this the handling freight and other services, and one begins 
obtain new conception local transportation problems. 

Co-ordination might mean the handling freight and commodities 
off-peak periods. Perhaps that might night. With only casual obser- 
vation one realizes what large factor the handling freight and com- 
modities and out large buildings narrow streets. Whether 
best handle these commodities off-peak periods, restrict the rights 
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individual property owners the use streets the principle the 
greatest good the greatest number, are all factors this general situation. 

Street railway officials are broadening their viewpoints. exec- 
utive seriously interested not only moving the vehicles for which 
responsible, but also the problems the taxicab and bus operators, the 
private automobile operator, and all the other factors that enter into the prob- 
lem. Only this kind approach this most serious problem modern 
cities can hope for solution obtained. 


Am. Soc. E.—There are several factors affecting 
traffic New York City that have not been mentioned: the loss 
time caused the promiscuous left-hand turning out busy streets, such 
Fifth Avenue. New York restricts the left-hand turn less than almost any 
other large city. For example, car coming from the financial district 
the Engineering Societies Building, West 39th Street, loses, account 
delays caused cars ahead turning the left, twice much time 
beyond 40th Street, and making three turns the right, around the 
whole block. 

Another factor that slows traffic the failure pedestrians obey the 
signals. Pedestrians are difficult control. Many cities control them, 
however, and could done New York. driving down Lower Broad- 
way enormous amount time lost account the 
walking” which prevails. 

Another thing that delays traffic seriously New York City 
tice turning the middle the block. Traffic regulations provide that 
cars may turn the middle the block, they not interfere with other 
ears. course, under New York conditions they always interfere. 


has certainly placed his finger the high spots the congestion situation, 
and has outlined several obvious improvements. The speaker, however, 
inclined agree with the other discussor who took the view that the problem 
not ripe for solution, and that might, measure least, work itself 
out, perhaps the not distant future. 

Acute surface congestion has been caused the extraordinary increase 
within the past few years the number motor vehicles operating the 
streets; reported that the City New York the registration motor 
vehicles May (1926), exceeded that 1925 per cent. 

Undoubtedly there are great many non-essential vehicles the streets 
New York, well elsewhere, due the extravagant use private motor 
cars. This applies the commercial vehicle well the pleasure car. 
not unusual thing during rush hours certain terminus subway 
line, see several hundred people standing the sidewalks cross 
the roadway while fifteen twenty vehicles pass down the street, each 
with one passenger. Nor all unusual see the 5-ton truck 
one barrel load. Meanwhile this unrestricted and inefficient 
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use motor vehicles congested areas creating problems that appear 
defy solution. 

The situation also complicated the prevailing senseless operation 
motor vehicles. For example, certain park the city, which has cir- 
cumferential road, the traffic system was recently changed from two-way one- 
way traffic. This obviously the safer system and permits the most efficient 
use the lane capacity the roadway. However, numerous motorists are 
not content travel one lane but must “weave” and out, cluttering 
the whole roadway and materially reducing its capacity. 

Manifestly impracticable provide adequate facilities for trans- 
portation service involving ever-increasing number separate units, many 
which are extravagantly used and inefficiently operated much the time. 

probable that drastic regulations respecting the operation motor 
vehicles would provoke much opposition. However, quite possible that 
the evils street congestion and the consequent increased costs all com- 
mercial activities will force owners and users motor vehicles realize 
the necessity curbing the present tendency toward their unlimited use 
regardless the factors involved such operation. The elimina- 


needless and useless operation motor vehicles within congested areas 


should simplify regulation and insure more efficient use existing streets, 
while the co-ordination and efficient use motor transportation would also 
improve existing conditions and permit the planning increased 
facilities meet future requirements. 

Motor vehicles have become important the transportation 
system the community, and may that owners, users, and the public 
generally need educated the use and value this facility. 
difficult understand, for example, why commercial vehicles continue day 
after day and year after year assemble masse along the water-front 
streets with the certain prospect hours waiting before they can obtain 
the piers approach the bulkhead sheds for the loading and unload- 
ing freight, why the carrying capacity many motor trucks 
wastefully utilized the result under loading and empty movements. 
seems that much might done educate the public the use definite 
routes between certain points within the city, and by-passes 
around the more congested areas. The newspapers might assist just now 
being done frequently least one city paper connection with automo- 
bile tours. 

not surprising that numerous abuses attend the extensive use 
motor vehicles, such the parking There precise definition 
for parking despite its serious interference with street traffic, consequently its 
regulation difficult and the streets have public garages for many 
vehicles, Probably the conflict between moving and standing traffic will con- 
until the slowing motor transportation and increased costs will 
make economical provide loading and unloading facilities within the 
building line all large commercial establishments. Already tail-board load- 
ing unloading prohibited three streets New York City and would 
seem that this prohibition made general with substantial advantage 
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accruing street traffic. The abuse the parking privilege illustrated 
the Long Island motorist who parked his car the vicinity Queens 
Plaza the Queensborough Bridge early the morning; when claimed 
the late afternoon got into discussion with the police officer who 
had had the car under observation for several hours and the motorist cheer- 
fully admitted that had spent the day business trip Newark. One 
wonders what rights, any, the public street for hours 
time are inherent the ownership idle temporarily abandoned motor 
vehicle. 

appears the speaker that out existing conditions congested areas 
will grow reforms from within the ranks motor vehicle owners and users 
collectively, that will involve the repression other than necessary 
the inefficient loading and empty movements, the scheduling 
commercial activity, the provision parking garages and “off the street” 
facilities for transferring freight, the more general use night trucking, 
and the co-ordination all activities requiring the extensive use motor 
transportation. With this accomplished the problem traffic congestion 
should resolve itself into definite terms, regulation will simplified, and the 
planning imcreased traffic facilities can based more accurate esti- 
mate what future requirements will be, rather than what appears 
the present tendency, namely, attempt provide public expense street 
and roadway facilities for the continued unlimited use motor vehicles. 


the needs horse-and-pedestrian age when centralization business and 
housing were necessary order conserve time and energy. one foresaw 
the phenomenal growth automobile use and the development rapid 
transit facilities that has taken place recent years and has increased the 
radius activity cause cities, through unforeseen expansion, outgrow 
their centralized business centers. 

Reliable data show that day population the business center most 
large cities equivalent one-half two-thirds the population the 
whole city. Boston, Mass., for example, estimated two- 
thirds the total city population; Pittsburgh, Pa., estimated 
one-half the city population; and the Regional Plan New 
York estimates that the business day population the 8.35 sq. miles New 
York City’s business center south 59th Street 2940000, equivalent 
one-half the city’s population. 

Many these people use means individual transport such 
mobiles and taxicabs, and countless others are only deterred from doing 
the increasing traffic congestion. The registration automobiles the 
United States has doubled since 1921, and there now average auto- 
mobile each 1.5 families, fast approaching average each 
family. What the public obviously wants, and rightly so, the greatest free- 
dom economically possible the use the automobile; but unrestricted use 
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impossible one-half two-thirds, even one-fourth, the city’s popu- 
wants use the limited street the ordinary business center 
the same time. 

Replies questionnaire recently sent several thousand women 
pers from Westchester County (adjacent and north New York City) 
indicates that only 9.1% those who shop New York City auto- 
mobile regularly; additional 16.7% shop infrequently automobile; and 
great many find necessary park their automobiles garages outside the 
business The replies showed, however, that even much 
centage these customers New York stores desired use their automo- 
biles for shopping purposes but were unable because traffic con- 
gestion. similar survey reported the Railway Journal made 
several department stores Chicago, among customers who they 
thought from appearances would likely have arrived automobile, 
shows that only 11.1% shopped automobile and that 17.8% this number 
left their automobiles outside the Loop District. Obviously, there 
table flood automobile traffic which only held back because the 
culties presented traffic congestion. 

The author has presented convincing argument for the adoption two 
means increasing the efficiency passenger transportation streets, and 
thereby relieving the serious conditions now prevailing business centers. 
The economic losses due automobile parking the streets business 
center are enormous and are wholly unjustified the benefits accruing 
the small proportion the general public that able make use this 
privilege. The reduction elimination parking and the substitution 
buses for individual conveyances much traveled routes should result 
marked improvement conditions. 

The attempt, however, overcome congestion, while the same 
time retaining the present centralized form city development, quite 
similar the proverbial attempt lift oneself his boot-straps. Each 
increment relief only opens the way for new increments population, 
traffic, and building the district, and one can foresee where 
and when balanced development will reached. 

recent years there has been decided trend toward enlargement the 
business area and decentralization, trend which coincident with the rapid 
development the automobile and the consequent enlargement the radius 
activity. Decentralization opens the way for more efficient use the 
central areas and particularly its streets. would make unnecessary 
for thousands workers spend hours their time each day going 
and from their work the central area, would relieve the morning and evening 
congestion transit facilities, and making their load curve more uniform 
would permit them operate more efficiently. 


have been developed many cities, but they have followed 


the old conventional lines and, they grew, their usefulness has been 
throttled traffic congestion. The modern business center must planned 
suit modern conditions, chief among which the apparent determination 
people shop automobile. Sub-centers will fall short their purpose 
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and possibilities they are not planned avoid the difficulties and drawbacks 
with which their “parent” the heart the city beset. Off-the-street 
parking garage space must provided for customers’ and employees’ cars. 
seems probable that the time coming when this will generally recog- 
nized element city building relatively important adequate 
stairways, elevators, and heating plants. fact, progressive merchants, 
singly and groups, various localities have already given retognition 
this necessity making such provision; and they are profiting from it. The 
shopper’s questionnaire previously mentioned shows that the New York City 
merchants who make provision for customers’ cars are obtaining the largest 
proportion the Westchester County automobile trade and presumably, 
therefore, all the automobile trade. 


Max Assoc. Am. Soc. speaker one that large 
and condemned class, the parkers. When had twice within fortnight 
through the unpleasant ordeal paying fine and losing half day the 
Traffic Court, thought idea for making parkers (who are necessary 
evil) sufficiently inoffensive tolerated. 

The total elimination and ruling out all parking within business zones 
impracticable, because ignorant person like the speaker (one class 
numbering 000, thereabouts) will likely ask very foolish ques- 
anywhere with within the business Many business and professional 
men have make fifteen twenty stops during the day; and the automobile 
has come necessity them the transaction their business. 

The parking system herein proposed, Fig. consists vertically 
moving platform extending over the roadway each side, adjacent the 
curb. The platform subdivided lengths such that each subdivision 
just sufficient accommodate one automobile and may travel independently. 

series steel posts about ft. apart, located the sidewalk, just 
inside the curb line, support and guide the platforms. The power and drive 
for the system provided motor and shafting located small trench 
immediately under the sidewalk the curb. single motor can arranged 
operate all the platforms one side block. 

The platform, being essentially elevator, provided, course, with all 
the safeguards well developed elevator construction, support being 
furnished directly the solid steel driving shafts acting tension. 

The operation the system would follows: The operator employed 
attend the block lowers the platform the roadway. The driver brings his 
car position, moves forward the platform and alights. The operator 
sends the platform its normal elevated parking position, the entire 
procedure taking more than min. The raising the cars can readily 
done moving traffic, the lowering, however, will accomplished with 
greatest safety when traffic the block stopped. 

The advantages this system parking automobiles busy sections 
cities are numerous and self-evident. First and foremost, would come great 


Gen. Contr., New York, 


Par 


reli 
nov 
tra: 
wo 
tra 


| 
q 
| 
| 
| 
| 
Boy 
af 


Papers.] MILLER PASSENGER TRANSPORTATION STREETS 1467 


relief present traffic congestion almost doubling the capacity streets 
now available for moving traffic. Furthermore, the greater freedom afforded 
traffic increase possibly 67% over present available roadway width 
would accelerate the movement this traffic, making the actual increased 
traffie capacity about 100 per cent. 
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Car owners will not limited parking time. Moreover, the car, its 
contents, and accessories will absolutely proof against theft. will not 
mud-bespattered injured passing cars, those getting out 
parking position next it. The ease, simplicity, and directness parking 
accommodations, together with acceleration travel this parking system, 
will save the traveling business man from hour hours per day. 
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The parking platforms and automobiles not cover the side- 
walk that the entire building fronts will visible now. the 
third-story windows obstructed from view, the first and second story 
window displays, which are the most important, will clearly seen from 
across the street, whereas they now are obstructed from view automobiles 
parked the curb. 

The plan here offered has the following favorable features: (1) Reasonable 
first cost; (2) can readily made self-supporting and even revenue-produc- 
ing under municipal operation private operation under public franchise; 
(3) would not alter any way affect present future buildings, any 
construction existing under city streets; and (4) rapid installation with little 
interference with present street traffic. 

With this plan crimes, depending for their execution car waiting 
the curb, would made practically impossible, for still-standing car the 
curb would immediately “spotted.” The system would not interfere with 
the Fire Department’s work and may, fact, some assistance it. 
The shed effect the platforms would keep two strips the roadway clear 
snow. would release considerable police force now engaged parking 
regulation work the more useful and urgent duty mobile traffic regulation. 
giving thought the question the possible adoption this plan approxi- 
mate computations indicate that charge cents per hour for parking 
could made pay well for the installation, operation, and profit the 
investment involved. Any one having put with the inconvenience 
parking Lower Manhattan would gladly pay this charge. 


clear case for the elimination automobile parking from the business dis- 
tricts large cities. order that anti-parking ordinance may effective, 
however, the limits and complexion the business district must clearly 
established. Evidently, city where warehouses and light industries are 
interspersed among banks, drygoods stores, etc., such ordinance would lose 
much its potency, since the necessary loading and unloading merchandise 
and raw materials would block the streets considerable degree. 

Thus, the need zoning ordinance becomes evident. Without clearly 
defined business district impossible, but with it, the regulation the 
“use” buildings, the regulation traffic becomes greatly facilitated. 

Objectionable loading and unloading trucks can eliminated the 
proper provision alleys and loading spaces the rear the buildings. Such 
provision can made the city plan, has been done several American 
cities. 

Thus, the intimate relation the traffic problem zoning and the city 
plan evident. Passenger transportation improved proper parking 
regulations and the elimination taxicabs, but even greater im- 
with the general city plan. 


Prof. Civ. Eng., Washington and Lee Univ., Lexington, Va. 
Received the Secretary, July 21, 1926. 
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certain communities parking should not only not forbidden but 
should positively encouraged. Such communities are found along the great 
National arterial highways. The income from tourists every year becoming 
greater. compel the tourist park his car distance 
from the place where stopping; fact, will not it, but will drive 
the next town where greater courtesy manifested. The tourist must 
encouraged park the business district. Proper provision for this can 
made street widening. There many ways doing this, and these 
methods are quite generally understood engineers. 


MOMENTS RESTRAINED AND CONTINUOUS BEAMS 
THE METHOD CONJUGATE 


Discussion* 


generous number and quality the discussions elicited this 
paper have been gratifying the writers evidence the interest evoked. 
That the paper has filled educational need indicated the fact that 
has already been adopted required text engineering classes and 
the requests that have been received that made available pamphlet 
form for the use students. That the method has filled practical need 
evidenced its adoption engineers their office practice. 

The discussions have supplemented the paper fulfilling its main pur- 
pose, namely, make available engineers short and easily applied methods 
for the design continuous beams and frames; further, they have brought 
forward interesting comparisons between European methods and those devel- 
oped the writers. The European methods, however, were not available 
current American literature and were known few engineers. The dis- 


cussions added the original paper make valuable symposium the. 


various methods for the analysis indeterminate beams and frames. 

The writers believe that their method conjugate points offers advan- 
tages, simplicity development, presentation, and application, over the 
various European methods given the discussions. 

Graphical scientific methods are unquestionably superior the procedures 
that have been generally available the busy designer, whether used 
analytical methods empirical coefficients building codes. directing 
attention the availability such graphical methods, and presenting the 
most practical graphic method they have been able develop, the writers 
feel that they have accomplished useful purpose. 

contributes outline Fidler’s method for the 
analysis continuous beams, and points its similarity, certain elements, 
the writers’ method conjugate points. That various constructions de- 


vised for the solution the same problem would develop points resemblance 


Discussion the paper Nishkian and Steinman, Members, Soc. 
E., continued from August, 1926, Proceedings. 


Authors’ closure. 

Cons. Engr., San Francisco, Calif. 

Cons. Engr., New York, 

Received the Secretary, June 28, 1926. 

Proceedings, Am. Soc. E., December, 1925, Papers and Discussions, 2065. 
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correspondence naturally expected. The principal distinguishing 
feature generally the method analysis and the viewpoint from which the 
construction developed. From this standpoint, the concept conjugate 
points quite different from Fidler’s method and from the other methods 
brought out the discussion. 

The physical concept pointed out Professor Richart, namely, that the 
distances the and V-points from the M-line are proportional the 
slopes the elastic curves the respective supports, was not developed 
the writers. This interesting and useful fact apparently the basis for 
Fidler’s method. 

Tn. addition Professor Richart’s discussion the Fidler method, Mr. 
Cotten* has given detailed presentation the same method. Mr. Doerfling 
and Mr. Beanfieldt have likewise presented the older European graphical 
methods. 

Mr. Doerfling and Mr. Beanfield well Professor Richart suggest that 
preferable locate first the projections the conjugate points the 
base line (“fixed points”) rather than locate the conjugate points directly. 
The solution hundreds problems the method conjugate points has 
not led the writers that conclusion. those cases where the usual pennant 
diagram does flatten out too much, simple matter draw one random 
order locate the conjugate point the vertical which lies. This 
flexibility the writers’ pennant diagram construction illustrated Figs. 
has presented analytical method for the solution con- 
tinuous beams. who prefer such method the graphical, this 
should prove valuable. some intricate problems combination the 
algebraic and graphical methods with Fidler’s physical concept the and 
V-points should great assistance. 

Mr. Godfrey’s discussion|| appears somewhat tangent; but the 
admitting some truth his statements applied present-day concrete 
does not necessarily lead discarding the Theorem Three Moments. 
still the best average obtainable. two apparently identical specimens 
showed variation 100% important structural properties, the logical 
conclusion should not use that material all. Mr. Godfrey does not 
recommend that, judging from his statements. The writers not believe 
that concrete made under the present knowledge the art will result 
100% variation its elastic 

Recently the writers’ attention has been directed, through the courtesy 
Mr. John Gut, report tests made Germany full-sized con- 
tinuous beams reinforced concrete. The results these tests have been 
reported Dr. Ing. who states that the relative deflections 
the test beams the different spans varied only from the theoretical 


Proceedings, Am. Soc. E., March, 1926, Papers and Discussions, 484. 
Loc. cit., April, 1926, Papers and Discussions, pp. 649 and 670. 
Loc cit., October, 1926, Papers and Discussions, 1598. 

Loc. cit., January, 1926, Papers and Discussions, 122. 

Loc. cit., 127. 

tiber pp. 443 495. 
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relative deflections for the same spans assuming homogeneous sec- 
tions. Since the bending moments depend the relative deflections, these 
percentages would express the error, from all causes, the calculated bending 
moments. These findings from actual tests should effectively answer the 
objections raised Mr. Godfrey, well those raised Mr. Turner,* 
against the practical applicability the standard theories continuous 
beam analysis. 

Mr. Godfrey likewise attacks the theory secondary stresses. The devia- 
tions measured secondary stresses from calculated secondary stresses, cited 
him, hardly bear out his argument that secondary stresses should ignored; 
rather, they bear out the writers’ contention that extreme refinement the 
determination secondary stresses unwarranted. This consideration pro- 
vides the justification for the writers’ effort, this paper, introduce the 
use short-cut graphic methods for the approximate evaluation secondary 
stresses. 

Mr. Spitzert feels that the “margin carelessness and poor work” 
cut down more accurate methods design. Although favoring much 
more extensive and thorough inspection concrete structures than prac- 
ticed present, the writers not feel that more accurate methods design 
will reduce the safety factor, but rather that they produce safer structures 
less cost. 

Mr. Turner raises the question “rhombic distortion”, apparently refer- 
ring shear deflections. Undoubtedly would possible devise some 
graphical method for designing continuous beams with due allowances for 
shear distortions. would have practical value only short deep beams. 
For beams the ordinary ratios length depth, the shear correction 

discussing two-moment equations for concentrated loads unequal 
spans, Mr. Turner states that: the negative moment over any in- 
terior support equals the numerical sum the adjacent positive center 
moments between supports”. This cannot generally true, therefore some- 
thing else must meant. Mr. Turner also states that: “Shear distortion 
increases the deflection the simple beam but reduces the deflection the 
continuous beam”. This statement does not sound reasonable. The work 
equation does not permit one believe that any distortion reduces the deflec- 
tion. The only conclusion drawn from the analogy the springs 
simply that the statically indeterminate continuous beam deflects less 
than the simple beam, which course true. The writers not believe 
that, the usual structural problem, any further refinement calculating 
moments justifiable. 

Professor senses the real purpose this paper, namely, present 
the subject American engineers concise form developed along original 
lines from primary principles distinguished from translation com- 
pilation existing literature other languages. 


Proceedings, Am. Soc. E., January, 1926, Papers and Discussions, 130. 
Loc. cit., 129. 
Loc. cit., February, 1926, Papers and Discussions, 327. 
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The problem the two-post trussed beam mentioned Mr. Higgins* 
much more involved than appears first glance. Consideration must 
given the end moment due eccentricity and settlement supports 
due sagging. readily solution the graphic methods pre- 
sented the paper. 

expected Mr. Walker,* application the writers’ graphic 
methods more than forty structures has shown that little, any, more 
time required make correct design than the use empirical 
cients. all the loads were uniform and all the spans equal, the use 
arbitrary coefficients might give rational design; but for any other con- 
dition satisfactory and economical design will not result. Mr. Walker’s 
criticism, that the application exact methods haunched beams the 
magnitude the beam given example hardly justifiable, well 
taken. Unless there are large number identical beams, such refinement 
may unwarranted. The tables presented Mr. should prove 
helpful applying the graphic method the solution any important 
problem involving varying moments inertia. 

The multiple-story problem presented Professor will nat- 
urally involved since many elements have considered. For prac- 
tical purposes, the moments (Fig. 45§) can obtained closely enough 


assuming the far ends h,, and fixed. 


Concerning the moment inertia reinforced concrete beams, the 
writers’ practice locate the neutral axis and then calculate the (moment 
inertia) the compression concrete and all the steel about the neutral 


axis, multiplying the steel area (usually This moment 


fiber stress the concrete, and the distance that fiber from the 


neutral axis. 
the deflection concrete beams, the writers’ practice 


substitute for the usual deflection formulas, its equivalent, 


evident that the deflection given beam dependent only the extreme 


fiber stress and the distance the neutral axis. This equivalent taking 


twice the moment inertia the compression area about the neutral axis 
and using the usual deflection formulas. 

Since continuous beam the moment inertia only 
far affects the deflection the beam, the foregoing method would 
applicable, that is, locate the neutral axis and obtain comparative moments 
inertia considering the compression area only. locating the neutral 
axis will more accurate course consider everything that may affect 
its for instance, tension the concrete. For computing deflec- 


Proceedings, Soc. E., February, 1926, Papers and Discussions, 330. 
cit., April, 1926, Papers and Discussions, pp. 695-715. 

Loc. cit., February, 1926, and Discussions, 332. 

Loc. cit., 333. 
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tions, the writers believe the tension the concrete quite important and 
cannot neglected. comparative moments inertia, the 
tensile resistance the concrete may neglected without appreciable error. 

the design the usual concrete beams uniform depth, the writers 
usually assume that constant throughout the span. When adjoining 
spans have different moments inertia, the writers’ practice compute 
the comparative moments inertia the common support; the stresses 
used are the same the two beams, sufficiently accurate use the 
depths the beams without locating the neutral axis. 

The value used depends directly what used. For com- 
puting moments, eliminated since uniform throughout. For comput- 
ing deflections moments due settlement supports, the writers use 
twice the moment inertia the compression area about the neutral axis, 
assuming 000 per sq. in. for the usual grade concrete. 

Professor Wilson’s outlines still another method attacking 
statically indeterminate structures. one who has once fully digested the 
method, probably rapid any other and, for the more complicated 
cases, may more rapid. All algebraic methods, however rapid, lack one 
important advantage possessed most graphical methods, namely, that they 
show glance the complete answer with moments all points the beam. 
graphic methods, automatic checking against errors provided, and visual 
inspection and review are facilitated. 

Mr. Cotten has performed useful service making available Amer- 
ican engineers the elements the Fidler method which states “have been 
available only rather fragmentary and not readily accessible form”. 
ever, seems steeped the Fidler method that any other view- 
point appears him upside down. The method conjugate points 
presented the writers based the concept that point the M-line 
known one span continuous beam, then point can located 
each span. Everything that follows merely geometric process locating 
these points. and T-points are employed only because their use appears 
give the shortest method obtaining the entirely possible 
locate the conjugate points without the use the and 
matter fact, that what was done originally, and the use the 
and was developed later. Mr. Cotten will realize that the writers’ 
method based entirely different concept from that Fidler, then 
everything will not appear reversed him. The writers not feel neces- 
sary answer any more detail the claim made Mr. Cotten and Mr. 
Ruppel that the method conjugate points “is identical” with that Fidler. 

Professor Granger’s solving for moments equilibrium poly- 
gons treating moment areas loads, quite ingenious and interesting. 
uses the basic principles from which Equation developed. study 
Fig. 57§ reveals many the constructions the method conjugate points 


Proceedings, Am. Sec. March, 1926, Papers and Discussions, 473. 
Loc. cit., 514. 

Loc. cit., October, 1925, Papers and Discussions, 1602. 

Loc. cit., March, 1926, Papers apd Discussions, 515. 
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and shows the physical meaning the various points, lines 
used that method. 

Professor Granger feels that for two and three spans the analytic methods 
are shorter. the moments only one two points are required, that may 
true. The writers believe, however, that the shorter methods given 
Fig. 20* for such conditions are fully quick any analytic method. 

Mr. Gutt has explained Strassner’s method for making the secondary cor- 
rection for frame with unsymmetrical loads which the writers stated (in Sec- 
tion would necessary for exact results. Professor Derickson and 
Mr. Ruppel have suggested that solution for this secondary correction 
given, the writers have added Figs. 103 106, inclusive, which indicate the 
procedure the method conjugate points. The basis for this solution 
the locating the points inflection, H,, H,, and H,, the spans 
and respectively, for horizontal load and then rotating the M-line 
about these points inflection such amount make the shears, 
and across the respective side posts equal magnitude. These shears are 
represented the slopes the M-line the respective end spans. 

Fig. 103 shows the construction applied symmetrical portal frame 
hinged the base. this case, the point inflection, H,, for horizontal 
load located the center line the middle span; and the M-line 
simply rotated about that point into horizontal position. corrected 
M-line will then have symmetrical slopes the side spans, representing equal 
(but opposite) values the shears across the vertical posts. 


points of Zero—Moments for any horizontal 
Load at A 


UNSYMMETRICAL LOADING. 


Fig. 104 shows the construction applied symmetrical portal frame 
with the posts fixed the base. For any horizontal load the point 
inflection, H,, the middle span located the center line; and the sym- 
metrical points inflection, and H,, the side spans are located graphi- 
utilizing the principal Fig. This construction for locating 
and shown complete the lower diagram Fig. 104. The M-line, 
the upper diagram, then rotated about the inflection points, H,, and H,, 
position yielding equal shears (slopes) the side There are 


Proceedings, Am. Soc, E., October, 1925, Papers and Discussions, 1611, 
Loc. cit., April, 1926, Papers and Discussions, 645. 

Loc. cit., October, 1925, Papers and Discussions, 

Loc cit., 27. 
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various simple methods accomplishing this; the graphic method illustrated 
consists drawing Line across the middle span, with end heights equal 
the heights and H,, respectively; line through parallel Line 
will then give the corrected M-line. 


Corrected 


M-Line 
Neglecting Lateral 


NOTE: 

points of Zero—Moments for any horizontal 
Load 


Fic. 104.—MoMENTS FRAME, FIXED UNDER 
UNSYMMETRICAL LOADING. 


Fig. 105 shows the construction applied unsymmetrical portal 
frame hinged the base. For the location the point inflection, 
the principle Fig. again utilized, and the construction shown 
complete the lower diagram Fig. 105. this case, the effect any 
horizontal displacement the top the portal represented laying off 
and any heights inversely proportional the squares the respective 
spans, and The M-line thus obtained locates the inflection point, 
The M-line the upper diagram then rotated about position yield- 
ing equal shears (slopes) the side spans. Fig. 105, this accomplished 
graphically marking pole (intersection Lines and 4), any ray from 
which will cut the reaction verticals heights proportional the respective 
side spans; ray, drawn from this pole through gives the required 
corrected M-line. 

Fig. 106 shows the construction applied unsymmetrical portal 
frame with the posts fixed the base. The points inflection, H,, and 
H,, for any horizontal load are located the principle Fig. 27, and 


the construction, shown complete the lower diagram Fig. 106, 


tical, except for the fixed ends, with the corresponding construction Fig. 
105. The inflection points, H,, and H,, are then projected the 
M-line the upper diagram Fig. 106, and the M-line then rotated about 
these inflection points position yielding equal shears the side 
spans. Fig. 106, this accomplished graphically combination the 
principles used Figs. 104 and 105.. this case, the auxiliary pole (inter- 
Lines and one from which any ray cuts the reaction ver- 
ticals heights above and H,, respectively, proportional the horizontal 
distances and H,; ray, drawn from this pole through gives the 
required corrected M-line. 
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any angle~ 


orrected 


NOTE: 

H,, Ho, are points inflection 
points for any horizontal 
Load 


105.—MoMENTS UNSYMMETRICAL FRAME, HINGED UNDER 
UNSYMMETRICAL LOADING. 

These constructions (Figs. 103 106, inclusive) show how easily the 
method conjugate points solves the problem unsymmetrical loading 
portal frames, and serve illustrate the flexibility and wide range applica- 
bility the graphic method. 


@ is any angle 


NOTE: 
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Mr. Doerfling and Mr. Beanfield have explained considerable detail the 
European methods obtaining moments continuous beams. Mr. Doer- 
fling’s discussion quite complete and covers practically every problem treated 
the original paper. regrettable that had not found time submit 
his discussion separate paper many years ago. Much progress would 
have resulted. 

Mr. Beanfield’s contention that the Ritter method simpler than the 
method conjugate points, does not seem borne out the statements 
Mr. Gut who also familiar with the Ritter method. 

The three advantages the Ritter method given Mr. Beanfield under 
the headings (a), (b), and (c),* may considered follows: 

(a) the writers’ method for triangular and parabolic moment areas, 
computations are necessary, the required answer one-half and two-thirds 
the respective heights. For unsymmetrical loads, computations for the 
center gravity the moment area also become necessary Ritter’s method. 

(b) general, advantage (but rather marked disadvantage) 
compute the moments produced loading each span separately. Where 
advantage, can done the method conjugate points well. 

(c) Point (c) has already been answered the discussion pennant 
diagrams. 

Mr. Ruppel has presented extremely valuable set tables, which have 
been transformed from those published Strassner, and constructed along 
the lines suggested the writers Section Although referring Fid- 
ler’s method, Mr. Ruppel’s tables are directly applicable the method 
conjugate points well other graphical methods. With the aid these 
tables, practically any problem continuous beams with varying moments 
inertia may solved readily. 

Mr. Gedot has made commendable attempt resolve the problem 
multiple-span continuous beams into component elements two-span and 
three-span beams. regrettable that his basic theorem proves falla- 
cious close examination. Although the fixed points outside the loaded 
span (Fig. are points zero bending moment, they are not necessarily 
points zero deflection; consequently Mr. Gedo error assuming that 
the moment diagram will remain unchanged when reaction supports are placed 
under the outer fixed points. Similarly, although true, Mr. Gedo 
demonstrates, that fixed point unloaded span the point appli- 
cation the resultant all the external reactions beyond it, does not 
follow that that resultant identical with the reaction which would devel- 
oped the fixed point were made the end the continuous beam. 
sequently, the reduced beam (Fig. 97§) will not yield the same 
moment-diagram the complete multiple-span continuous beam (Fig. 95). 
The necessity locating new fixed points for the reduced continuous beam 


further even Mr. Gedo’s basic postulate had 
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been correct, the procedure has developed appears unduly indirect and 
laborious. Once the fixed points are located, unnecessary consider two- 
span three-span beams; all bending moments and influence lines may 
found considering each span independently, illustrated the writers 
Fig. 26.* Mr. Gedo’s discussion, nevertheless, contains some useful elements 
which will interest students the subject. 

conclusion, the writers wish express their grateful appreciation 
those who have generously contributed discussions. These contributions 
have greatly amplified the scope and enhanced the usefulness the paper. 
The writers trust that and the discussions, rendering available expeditious 
methods analysis, will serve the intended purpose directing engineers 
the more extensive use advantageous forms construction and 
methods analysis inadequately utilized the past. 

Proceedings, Am. Soc. E., October, 1925, Papers and Discussions, 1622. 
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VIRTUAL WORK: RESTATEMENT 


Discussion* 


(by writer believes that Professor 
Cross has done the Structural Engineering Profession service calling 
the attention its members the value virtual work tool the solution 
indeterminate structures. has shown that many special methods, slope 
deflection, elastic weights, come directly and logically from virtual work. 
careful study the paper should convince the reader the wide applica- 
bility the method and the desirability mastering thoroughly. 

those already familiar with the principle virtual work the applica- 
tions and modifications are valuable and instructive; others the paper will 
give little except desire know more about the subject. unfortunate 
that the engineer wishing master this principle must study much litera- 
ture, which often contains great deal extraneous material, before the 
matter set forth Professor Cross can understood. 

The writer feels that the paper could profitably elaborated into more 
understandable and usable form. Such development the theory virtual 
work with its numerous applications should even greater service the 
profession and valuable addition engineering literature. 


the title alone seemed promising, the writer understanding 
first mean statement clearer than prevailing ones—one furnishing 
working knowledge the subject and making the study its practical 
application more attractive. However, can hardly classed 
Further, too little importance attached the theorem reciprocal 
deformation, although considered many the most fundamental 
well the most comprehensive theorem the analysis statically inde- 
terminate structures. 

the practical application such factors imaginary reactions hypo- 
thetical stresses not enter; seems that their inclusion the demonstration 
only confuses the mind. 

Virtual the product force and the distance through 
which acts familiar enough conception; but work the product 


This discussion (of the paper Hardy Cross, Am. Soc. E., published February, 
1926, Proceedings, but not presented any meeting the Society) printed Proceed- 
ings order that the views expressed may brought all members for further 


discussion. 
Associate Prof. Civ. Eng., Agri. and Mech. Coll. Texas, College Station, Tex. 
Received the Secretary, March 18, 1926. 
Cons. Engr., San Francisco, Calif. 
Received the Secretary, 1926. 
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moment and the angle (in circular measure) through which the moment acts, 
conception less familiar but equal importance. That both are really 
equivalent may illustrated simple way displacement diagram like 
Fig. 


P=1 


considering framed structure under the action external forces 
seems clear that all panel points, points application the forces may 
regarded small rigid bodies connected elastic members, and that the 
motion these rigid panel points and the deformation the whole structure 
due entirely the change length the connecting members. other 
words, while the deformation takes place, during the transition from one 
state equilibrium the other, each panel point moves with all its forces 
equilibrium. Hence the resultant these forces each panel point and also 
its work remains zero, the resultant all external forces each panel 
point remains equal but opposite direction the resultant all internal 
forces the point; the internal work remains equal the external work 
because their sum remains zero. 

Now, let external force the resultant number external 
forces panel point, and its motion the direction Let 
the resultant the internal forces stresses the same panel point and 
its motion the direction the panel point moves with all 
equilibrium then and remain line, and from the beginning 
motion, any instant during motion, until the end motion, 
and the loads are brought without shock all four 
values increase from zero maximum the same rate, hence, 
41. 

Assume now two different systems loading, and indicate all values due 
the first system subscript, and all values due the second system 
subscript, The two equations work will be: 

41, 
41, 


Since, however, the strain any member proportional its stress and 
line with it, the projection the strain any line must proportional 
the projection the stress that line. Hence, 
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41, 


This true nothing hypothetical imaginary about it; 
but not equation real work, because and are due one 
system equilibrium whereas 41, and are due another system 
equilibrium. might called equation potential work (possible work), 
but known the equation virtual work. the most important 
equation the subject and constant application determining statically 
indeterminate quantities. Expressed for the whole structure written: 


The Reciprocal two forces, P’, each equal unity, 
acting two panel points, A-A, statically determinate structure, 
changing the distance between the points, A-A. the stresses 
due this loading the change length the members and 
the change distance between two other points, B-B, p’. Then, con- 
sider two other forces, each equal unity, acting the panel points, 
designate the stresses due this loading the change length 
the members and the change distance between the panel points, 
A-A, Now, write one equation virtual work using the loads, 
and the stresses, the first loading, but the deformations, and 
the second loading; and another equation virtual work using the loads, 
and the stresses, S”, the second loading, but the deformations, and 
the first The two equations are: 


P’’ p’ = a 


S’ | S’ l 
showing that p’. 
A-A and B-B had been points application the loads, 
and P”, plate girder solid arch, the two equations virtual work 


would be: 


being the volume fiber between two sections considered), showing 
the same equality and for framed Hence, for any 
structure: Two unit loads acting two points, A-A, will change the 
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distance between two other points, B-B, the same amount two unit loads 
acting the points, B-B, will change the distance between the points, A-A. 

Remembering now that the work moment equals the moment multiplied 
the angle (in circular measure) through which the moment acts, and that 
this equivalent the work force explained before Fig. the 
theorem may expressed more general way, thus: 

The cause elastic deformation structure may force, pair 
forces, moment, pair moments, such cause (equal unity) 
acting one element the structure, say, point, straight line, pair 
straight lines, will displace second element the structure the 
same amount similar cause (equal unity), acting the second element, 
will displace the first. 

Expressed more briefly: The displacement which must suffer while 
acting. 

For particular cases the theorem leads number statements which 
the following three are the most important: 

(1) The force, (Fig. will move the point, the direction 
the same amount the force, will move the point, the 
direction 

(2) The force, will turn the line, (in circular measure) 
the same amount the moment, will move the point, the direc- 
tion 


(3) The two forces, and (Fig. will change the angle 
between the lines, and (in circular measure), the same amount the 
two moments, and will change the distance between the 
points, AB. 


Note that moment equal unity, unit moment, represented 


The reciprocal theorem fundamental the analysis statically 
indeterminate structures and leads directly the theory influence lines 
considered deflection diagrams. 

Let (Fig. continuous beam three supports with load, 
Point required the reaction, X,. the statically determinate 
main system the simple beam, AB, loaded with Point Con- 
struct the deflection line for this loading compute the deflection, d,, and 
Then, according the reciprocal theorem: The load, P,, will 


tit; 
one 
nin 
tant 
(12) 
ture, 
and 
con- 
ints, 
ints, 
and 
P=1 
M=1 
Q=1 
wing 
any 
the 


cause deflection Point equal hence the load, will cause 


Again this true equation—not equation real work but virtual 


work. and are elements the first system loaded with P,, only, while 
are elements the second system loaded with only. 


1st System 


2nd System 


Note that while Equation (12) gives relation between external and in- 
ternal forces between loads and stresses, Equation (13) gives relation 
between loads and reactions. Together they form the foundation the 
subject. 
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STRESSES THICK ARCHES DAMS 


Discussion* 


William Cain, Am. Soc. E., throw much new light this complicated 
subject. The writer, however, feels that the problem not completely solved 
for very thick arches which show heavy tension the abutments and crown; 
nor does the proposed solution the secondary arches give the correct answer. 

For thick arches which analysis shows heavy tensile stresses, prob- 
able that cracks will develop the junction the extrados and the abutments. 
There less likelihood these cracks appearing the crown, because con- 
ditions there are more favorable for withstanding tension, and the moments 
are little more than one-half those the abutments. Assuming, however, that 
failure tension occurs both points, not probable that more than one 


in- 
crack would appear either place. certain that cracks will appear 
the the points moment, approximately half way between the crown and the 


abutments, and there are not likely any for some distance either side 
these points. All that part the arch ring which cracks have occurred 
will working overcome water pressure. this tension failure occurs, 
the assumptions which the analysis the primary arch was based longer 
exist and, therefore, the formulas cannot strictly apply. 

The principal actions that are taking place within thick arch under stress 
are shortening what may called the diagonal from the crown the 
extrados the abutment the intrados, and lengthening the diagonal 
from the crown the intrados the abutment the extrados. Some 
the load that assumed resisted moments the primary arch analysis 
actually being carried compression (corresponding the stresses repre- 
sented Professor Cain’s formula) and the remainder, resulting from 
the reduction the moments, being carried shear. 

When the assumption made that the secondary arch carrying the load, 
there omitted from consideration the greater part the concrete that lies 
along the diagonal from the extrados the abutment the intrados the 
crown, and the work tension, compression, and shear which actually done 
this neglected body concrete assumed done the thinner, secon- 
dary arch. evident, then, that the true stresses and deflections must lie 
between those found the analysis the primary and the secondary arches. 


Discussion the paper Jakobsen, Am. Soc. E., continued from 
August, 1926, Proceedings. 

Hydr. Engr., Sacramento, Calif. 

Received the Secretary, June 30, 1926. 
Proceedings, Am. Soc. E., February, 1926, Papers and Discussions, 252. 
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The writer recently attempted arrive more correct solution the 
problem substituting variable moment inertia Equation (5) and 
the equation for deflection Professor This variable, 
derived from the formula, cos which, the crown thick- 
ness; the thickness any point the angle which from the center line 
and constant the value which depends the relative thickness 

The resulting formulas are somewhat longer than those Professor Cain, 
but are not difficult apply. The center line the arch was assumed 
circular, and the thickening was assumed symmetrical about the center line. 
The writer does not believe, however, that this gives the best form arch. 
The addition concrete the extrados the abutment serves useful 


except eliminate over-hang this point. This over-hang, however, 


unless excessive, can harm. 

true analytical solution the problem perhaps impracticable because 
the irregular variation the value the moment inertia the arch 
after cracking has occurred. close approximation, however, may possibly 
obtained the graphical method Mr. Jakobsen. There still 


remains the question the true deflection the arch, means which the 


relation between arch and cantilever action 
This relation difficult determine because the many uncertain factors 


that enter, the principal ones which are temperature changes, water-soaking 


the up-stream face, and the variation the relation that will found 
exist successive vertical slices from the crown the abutment are studied. 
Uncertainty the value does not have much bearing because the 


fact that enters the same way both cantilever and arch action, and, 


The writer was recently called analyze the Dam and another 


dam constant radius, which will called Dam study the 


stresses the base the cantilever, the division loading, the crown, was 
determined from the deflection curves, successive trials being made until 
division was found which gave practically the same deflections for the arch 
and the cantilever. Owing the difficulty reconciling the deflection lines 
the arch and the cantilever near the base, the effect the the 
cantilever due shear was investigated. 

The deflections for Dam No. are shown Fig. 49. This 


bottom 64.5 ft., vertical up-stream face, and concave face down stream. 
The arch were computed Cain’s the primary arches, 
and the deflection the-cantileyer due to. moments was found. the method 
moment-area diagrams. The cantilever deflections due shear were found 
for each 10-ft. block from the three formulas: 
tion being studied, that is, the total shear concentrated load that point; 
the unit value uniformly distributed load against the section; and 
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Papers.] PERKINS STRESSES THICK ARCHES DAMS 1487 


the unit weight liquid triangular load. the triangular load 
upside down, the deflections are twice the value those given the last 
formula. Any load acting produce shearing deflection any section can 
resolved, practically, into these three types loading. 


inches 


+ 

5520 

5510 

oOo 

> 

5490 

2 

Cantileve 

2 L 


8000 6000 2000 
Load Pounds per Square Foot 


49.—Dam No. LOAD AND DEFLECTION CURVE, 
JuNE 10, 1926. 

The deflection each 10-ft. elevation about the 10-ft. elevation below was 
computed, and the summation taken, starting from the bottom. simplify 
the work, and were assumed equal and the deflection 
cients for each 10-ft. section were determined. After the probable division 
was found, the deflection coefficients were multiplied the loads the table 
from which Fig. was drawn. The shear deflections were added the scaled 
moment deflections the cantilever determine the total deflection the 
latter. The mean area the section considered was and was assumed 
000 Ib. per sq. in., 0.4 the value used for Because the parabolic 
distribution the shearing stresses, the true shear deflection was assumed 
1.2 times that given the formulas, which assume uniform distribution 
the stresses. 

will noted that near the base, the shear deflections are much greater 
than the moment deflections, and they not become equal until height 
about ft. above the base reached. will also noted that the deflec- 
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tion line makes abrupt angle with the tangent the undeflected section. 
This fact probably explains why there are cracks the base many dams 
which, analysis without introducing this shear action, would seem 
cracked. The same general conditions were found apply the Pacoima 
Dam, although the ratio cantilever load arch load much smaller than 
that Dam No. 

There seems some hesitation among engineers accept the results 
obtained from the use the Cain, Jakobsen, Noetzli formulas which show 
such large moments with thick arches with small central angles. simple 
illustration should clear this doubt. Fig. illustrates the action two 
struts supporting concentrated load that analogous the action 
arch, for the struts are the proper supports for concentrated load, the 
arch circular section the proper support for uniformly distributed load. 


Angle Fig. corresponds the central angle the arch. For Struts 
large, (its supplement) small, and the load carried almost 
entirely column action. The angular movement the apex the struts 
about the abutment, caused the compression the struts—the latter corre- 
sponds the rib-shortening arch—is very small, and the moments, which 
are function this angular movement, are correspondingly small. Struts 
with the small central angle, evident that thrusts and moments are 
much larger for the same load, than they are Struts 

the load, should divided into several partial 
equilibrium would necessary increase the number struts, that the 
total number sections the partial polygon forming the span would always 
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one more than the number loads. the number loads were increased 
without limit, they would approach condition uniform loading their 
limit, and the polygon would approach circle its limit. 

This illustration suggests possible method analysis the arch, but the 
resulting formulas should not differ from those already published. 


and Professor Cain’s which latter might well considered paper 


itself, are much interest the writer, especially view the experi- 
ments progress present the Stevenson Creek Test Dam Engineering 
Foundation. 

The writer pleased that Professor Cain once more voices the opinion 
that may prove feasible establish definite mathematical relation between 
the deflections and stresses arch dams. Mr. Jakobsen, the other hand, 
seems differ with this opinion. this connection interest that the 
experiments the Test Dam give promise definite answer this question. 

The analysis the stresses thick arches dams rather complicated 
problem. order have basis for deriving theoretically more nearly cor- 
rect formulas than those available heretofore, notably those Professor Cain,§ 
the author introduces number assumptions not ordinarily made the 
design arch dams, such the location the neutral axis, Poisson’s ratio, 
the influence the vertical stress, Except for benefitting the correct 
location the neutral axis, was done also Professor Cain, ques- 
tion whether Mr. Jakobsen’s new formulas will lead materially higher 
degree accuracy actual stress computations. There would appear 
too much uncertainty involved some the assumptions that vitally affect 
the result any stress analysis arch dams, namely: (1) Modulus elas- 
ticity (2) changes dam, both uniform and variable, 
from up-stream down-stream face; (3) shrinkage due setting con- 
crete; (4) swelling due moisture concrete; (5) arching inclined and 
vertical planes; (6) proportion water pressure supported horizontal arch- 
ing and vertical cantilever, beam, other action; (7) variation from the 
uniformity load the horizontal arch elements between arch crowns and 
abutments; and (8) flow concrete under sustained load. 

rather doubtful whether the author’s theory secondary arch action 
can used the analysis stresses arch dams for which the ordinary 
theory indicates the occurrence excessive tension and open cracks the 
concrete. Such cracks form restrained hinges which will tend convert the 
hingeless (fixed) arches into three-hinged multiple-hinged The rib- 
shortening and temperature stresses will thereby reduced materially. This 
one the reasons why arch dams are relatively safe structures even after 
the formation cracks. 

Professor Résal’s formulas, used the author, are based flat 
parabolic arch. This should kept mind when applying this theory. 


Cons. Hydr. Engr., Los Angeles, Calif. 

Received the Secretary July 14, 1926. 

Proceedings, Am. Soc. E., February, 1926, Papers and Discussions, 252. 
Transactions, Am. Soc. Vol. LXXXV (1922), 233. 

Loc. cit., 263. 
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discussion the writer’s paper, “Gravity and Arch Action Curved 
Dams”,* Mr. Jakobsen stated that: 

“The theory Professor Moersch [which fundamentally the same theory 
that expounded this paper] not applicable arched concrete dams, 
and that for this reason the Rankine [cylinder] formula the most 
satisfactory available, *.” 

Now Mr. Jakobsen “the assumption that the cylinder formula 
holds good, however, errs the side danger; conservative engineer can 
afford make it.” 

Thus, within few years, apparently has changed from ardent 
adherent the cylinder formula advocate fairly complicated 
and the writer wonders whether Mr. Jakobsen has not gone little too far 
this direction. 

hoped that the experiments the Test Dam will furnish reliable 
data and information arch dams. These data will helpful especially 
two ways: First, for developing theory arch dam design, which although 
probably only approximate, will give reasonably accurate results; and, second, 
for establishing sound assumptions which such theory may based. 

The author seems have misquoted the writer relative statement 
the probability cracks the vertical elements some arch 

With regard the influence cantilever action, swelling the concrete 
due water-soaking, deformations the bed-rock, which Mr. Jakobsen 
has discussed some length this and previous papers dams, the writer 
prefers wait for the outcome the experiments the Test Dam and 
other dams under investigation the Committee Arch Dam Investigation. 
would interesting, however, Mr. Jakobsen would apply his ideas and 
theories the interpretation the deflections some dams, as, for instance, 
connection with actual measurements the Salmon Creek Dam.§ 


Transactions, Am. Soc. E., Vol. LXXXIV (1921), 108. 
Am, Soc. E., February, 1926, Papers and Discussions, 240. 


Loc 248, and “Gravity and Arch Action Curved Dams,” Transactions, Am. 


Transactions, Am. Soc. Vol. LXXXIII (1920), 321. 
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AEROPLANE TOPOGRAPHIC SURVEYS 
Discussion* 


“the object this paper acquaint engineers with method making 
accurate maps directly from aerial photographs.” The paper 
accurate and complete far refers the one (and only the one) 
method which the author has undertaken present. happens that, far 
known the writer, this method which requires certain patented apparatus, 
used the United States only the individuals mentioned the paper. 
the other hand, aerial photographs are being used successfully and exten- 
sively part the process map making numerous agencies, govern- 
mental and private. The methods used these cases are ones that not 
require measuring stereoscope nor even, tilt-removing camera, 
nevertheless the results are, from the engineering standpoint reliability 
and economy, quite satisfactory those described the paper. Where 
the costs and some other features this special method are satisfactory, the 
engineer may expect most gratifying results. Whether not this particular 
method seems any particular case, there are others from 
which choice may made. great the value the aerial photograph 
adjunct map making that its use should not discarded until these 
other methods have had due 

The sales agents the various companies engaged this class work 
may trusted each set forth convincing detail the merits the system 
used his firm. What seems needed now not explanation 
comparison these but rather more general statement 
the powers and limitations the aerial photograph. Its use need not 
any sense difficult intricate, although the amount map work 
done large enough there ample opportunity develop skill and 
utilize special methods for the elimination minimizing the errors inherent 
these and all other photographs. 

approaching the subject the use aerial photographs the engineer 
must formulate clearly his own mind definite opinion what constitutes 
map and the purpose which serve. vehicle express the skill 
the man who made containing data required the reader 


March, but not presented any meeting the Society) presented 


order that views expressed may brought before all members for further 
iscussion 


Received the Secretary, May 10, 1926. 
Proceedings, Am, Soc. E., March, 1926. Papers and Discussions, 367. 
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such form that may understand clearly and use with confidence? 
there any object securing data and trying incorporate map 
with any higher degree accuracy than can will employed the user? 

Maps have been made and used for many centuries. Until about two 
hundred years ago they were and the artist was the map maker. 
The user recognized that the hills and streams depicted were substantially 
the same those the vista before him. this picture guided him the 
general vicinity his destination relied matter course his 
native intelligence the rest. The scaling distances from such map 
probably was never considered. the Eighteenth Century was realized 
that the principles geometry and trigonometry could applied map 
making. the distances and angles polygon were measured the ground 
the mathematically similar figure could constructed much smaller 

From this point the modern map progress was The accumulation 
error, due unskillful work inaccurate instruments, was promptly 
recognized and efforts were constantly made improve both. With better 
instruments and greater skill larger areas were mapped and order keep 
down the effect increasing accumulations diminishing errors the nicest 
refinements measuring, recording, and preserving have had devised 
and used. primary triangulation work distances may measured with 
error less than angles are read seconds, and the results 
are engraved metal plates that will not distorted temperature 
humidity. 

Suppose, however, that the engineer wants know the distance from 
and has before him the map which are shown these two stations. 
knows that cannot scale this distance with anything approaching such 
accuracy and the true distamce not printed the map must inquire 
the map maker, who does not think the distance from his metal 
plate but takes from tabulation. 

Modern maps are possible only because the that have 
been devised their makers, but physically impossible carry these 
ultra-refinements through all the processes map making the finished 
product, printed lithographed sheet. Maps now have two distinct phases, 
the mathematical and the pictorial. The mathematical map tabulation 
which, even high-class work, cannot shown pictorially. The map user 
thinks the tabulation such, and for him map conventionalized 
picture which sees features the landscape. this map expects 
able use scale with confidence the results but, perhaps outside 
elaborate city surveys, will accept error that unthinkable the 
surveyor. The map maker may spend days determining whether the distance 
between Triangulation Stations and 133 256 ft., ft. The 
map user will lay his scale the map and say that the distance from Station 
Station 25.2 miles and will perfectly satisfied when finds that 
has missed only few hundred feet. When this distance from Station 


Treatise Levelling. Topography and Surveying,” Gillespie. 
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Station part mathematical map, the 1-ft. difference may 
vital importance; needed only for the pictorial map, 
importance. 

For more than four years the writer has been making maps method 
that includes the use aerial Between 2000 and 3000 sq. 
miles have been covered and several thousand photographs have been used 
the process. All experience date points clearly the conclusion that the 
aerial photograph will never enter the field the mathematical map. Its use 
will probably confined the preparation the pictorial map and order 
find its proper place this field some analysis such maps necessary. 

This map conventionalized picture several square miles average 
open country which all kinds natural and artificial features have been 
vertically projected horizontal plane. shows all the natural artificial 
topographic and such other detail any particular case may called for. 
The map used engineer who has undertaken lay out and 
supervise the construction engineering work, such canal, highway, 
railroad, storage reservoir, involving the accurate knowledge 
area substantial size. With the map before him, the engineer will shape his 
general ideas, will scale distances along roads streams, the areas 
fields, lakes, ponds, those bounded contours different elevations. 

this map made the standard methods which not include 
the use aerial photographs, two distinct steps are required, which have 
already been designated the mathematical and pictorial. Under the first 
comes the establishment the triangulation traverse system for the control 
the map. Here the permissible limit error will 1000 
100 000, even less, and the field work done the most skillful man 
available. Such errors are much less than the width the finest line that will 
appear the finished map. can rarely from map with 
such degree accuracy, and any event the user has comparatively little 
interest these few accurately determined points. 

the second step, field work done, frequently, men less skillful than 
those required for the first step. plane-table and field sketching methods 
are used. distances are measured odometers, pacing, and 
estimating. Vertical distances are measured hand-levels, aneroid barom- 
eters, and estimating. The odometer will give limit error 100, 
better; the pace, error 100, worse; one can with 
certainty estimate distances visible objects with error only 100. 
contour work the position invisible contour first estimated and 
then the distance this invisible point. The result this combination 


estimates often radically wrong (as will illustrated two 


subsequently). the field work for the pictorial features the map errors 
greater than 100 the width the finest line this map are the rule 
rather than the exception and the office draftsman smoothing out contours, 
bends roads, etc., introduces still more. other words, the pictorial data 
are put the map with less accuracy than can employed the user. 

study the methods making ordinary maps will impress the 
mind the engineer three things: First, matter how accurate may the 
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control, including the plane-table triangulation even the road traverses, the 
engineering detail which most concerns him that which former methods 
merely sketched in, frequently hurriedly, always (from engineer’s stand- 
point) inaccurately and usually incompletely; second, and marked import- 
ance, real check detail economically possible former methods; and 
third, while the map maker doubtless does well preserve his truly accurate 
control metal sheets, where detail concerned this wasted effort. 
Engineering drawings are customarily made tracing linen and reproduced 
blueprints, and map detail, engineering data recorded manner, 
need suffer more than any other. 

The engineer does not use standard maps where details are essential but 
makes his own independent field measurements. This true smaller 
matters, but where large areas are involved the engineer does accept 
standard map adequate source technical information. The inaccuracy 
such maps unbelievable. examples will illustrate the point. 

For decade more there has been under consideration thoroughly com- 
petent engineers project including area bounded contour. This 
area was planimetered from standard map and for ten years was accepted 
being 000 acres. Recently, this area was re-mapped method including 
aerial photographs and when planimetered again was found 685 acres. 
Another project involves initial investment more than Cer- 
tain possibilities were rejected the engineers primarily because area 
bounded contour was planimetered standard map and found 
“at least 30000 acres.” This area found from maps prepared with the use 
aerial photographs 9149 acres. believed that all, including those 
who made the standard map, will agree that the area from the aerial photo- 
graphic map not error more than the outside. 

This not criticism either the makers standard maps, their 
methods, their finished product. Given the same restrictions 
time, cost and methods engineer could have made better map these 


Many business men will hesitate year before they will give deserving 


clerk $100 increase pay, but will hand over $10 000 hour’s notice for 
oil well stock the salesman sufficiently persuasive. Engineers and business 
men sometimes seem display similar traits. 

standard map making the methods and instruments used are the product 
about two centuries highly scientific men and these have made 


possible type map which for accuracy other than that detail was never 


before equalled. far iue control general framework concerned, 
probable that future improvements can made only matters 
technical nature which the Engineering Profession large has little 
interest. matters detail present ground methods can produce results 
that will satisfy the most critical engineer but the cost involved high that 
outside city surveys and some other analogous special cases these methods 
cannot 

aerial photography, the methods and now used are the 
product about seven years effort scientific men and many important 
improvements are still hoped for. matters stand, however, the aerial 
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photograph has already made important contribution the science 
map, making and this perhaps one more value the Engineering Pro- 
than any other. The camera cannot supplant the theodolite, the 
transit, the spirit level, and probably will not seriously compete with 
them; but the topographer with his pace, odometer, and skill acquired with 
practice cannot compete for moment with the aerial photograph. will 
not exist but when aerial photographs are used will required 
measure elevations for contours, check photographs and such details 
them may obscure, too small identifiable, concealed over- 
hanging vegetation, etc. 

map with control general framework would little value 
engineer. map having perfect control little value the engineer 
the detail all wrong unreliable. moderate amount control can 
obtained from aerial photographs, sufficient many cases for the engi- 
neer’s needs, but their outstanding value the fact that engineering detail 
can taken from them and added the map maker’s control within such 
limits time, cost, and reliability make the detail maps true 
engineering data. 

The one item outstanding importance maps the use 
aerial photographs get the photographs. One engineering company, 
known the writer, bought airplane, camera, and photographic apparatus 
complete, and added aviators and photographers its engineering staff. The 
results are understood have been considered superior for all practical pur- 
poses compared with former ground work. The special equipment and 
personnel, however, have now been disposed and the future aerial photo- 
graphs will obtained contract from companies specializing such work, 
and the maps will made the engineering company 

Several companies take aerial photographs, and most, not all, them 
are also anxious make the finished map. engineer should 
contract for finished map make his own from photographs bought from 
others subject still under debate. The writer prefers make his own 
maps but recognizes that the other method would free his organization from 
vast amount detail work. any event, engineer should have fair 
understanding the nature and value thé various steps involved. 

meant those taken from airplane with the lens vertical and the 
negative horizontal. Maps can made aerial photographs. This 
method much favor Canada special conditions obtaining 
there the flat lake region, but there seems reasdn expect that 
this method will used extensively the The scale the 
photograph depends the focal length the lens and the height which 
the plane flying when the exposure made. Ordinarily, from height 
000 ft., the scale about in. mile. Exposures can made from lower 
elevations but most work done from elevations between 5000 and ft. 
Commercial work can done 20000 ft. and experimental work has been 
done 30000 ft.; but 15000 ft. good practical limit. 
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The cameras used are manufactured especially for this purpose and bear 
about the same relation the ordinary camera does modern surveyor’s 
transit the old-fashioned compass. lenses, color filters, and 
hypersensitive negatives are among the features now standard this work. 
The company employing the methods given the paper uses glass plates for 
both negatives and positives. all others private and govern- 
ental service use celluloid base negatives and certain specified grades standard 
commercial photographic paper for the positives. The reasons for this distinc- 
tion follow from the fundamental differences the methods used. 

will recalled that, the method described the paper, moderate 
number carefully measured elevations are required for each positive used. 
With these available and with the special apparatus mentioned, the print can 
completely contoured. The element critical importance this method 
‘is the fact that when the exposure made the negative must either exactly 
horizontal or, not, must rectified that the resulting positive 
the same such had been the case. This necessity comes from the 
fact that the machine which indicates the contours gives points equal eleva- 
tion above reference plane the ground parallel the negative the 
moment exposure. this plane were tilted 1°, these elevations would 
error ft. distance mile from the optical center the print— 
error which course far beyond permissible limits. 

Emphasis also laid the necessity for the use glass plates because 
the danger warping other materials due temperature, humidity, 
the creeping the emulsion. The measuring stereoscope functions with 
two vertical prints taken close enough together include the same area 
each. The negative horizontal each case but the exposures are made 
close together that the areas covered each exposure overlap 50% 
more. will realized that objects the terrain above below the 
reference plane have parallax which different for the same object 
each the two prints. Also, the exposure made from point ft. 
more above, this parallax difference parallax small, particularly 
for differences ft. corresponding the contour interval 
determined. 

The measuring stereoscope device which measures, not simply the 
parallax given elevation, but rather the difference parallax the same 
object two successive and overlapping prints. This difference minute 
quantity, observed and measured with microscopes and micrometer and 
recorded the machine terms Such being the case, obviously 
variations the photographic work, even they may microscopic, must 
avoided and hence the prominence given this step the author and 
his insistence the use glass plates. other methods where contours 
are measured the ground these small distortions the negatives and 
prints are much less important and film negatives are sufficiently accurate, 
has been demonstrated the writer’s satisfaction, the work his office 
where nearly 13000 film exposures have been taken. 

Turning now other methods—these not require the measuring 
stereoscope and include the use film and photographic paper. Contours 
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are determined measurements made the ground and all other detail 
obtained from the photographs subject such checks made the field 
may desired, these checks being made when the contour work progress. 
Errors due temperature, humidity, film creeping, the photographic 
work must guarded against skillful and painstaking work the photo- 
graphic laboratory. However, this step are applied standards customary 
other phases engineer’s routine work there difficulty keeping 
such errors within manageable limits. Although tilt always undesirable and 
the aviators are especially trained keep this minimum, nevertheless 
tilt does not destroy the usefulness photograph, and those having 
greater tilt are better than none. 

The pilot especially trained fly uniform elevation and follow 
straight course accurately spite cross-winds, the elevation 
constant will also the scale the photographs except for variations 
the elevation the terrain below. Due this factor and the unavoid- 
able variations the elevation the plane, best contour 
party make stadia determination the scale each print used. With 
linear scale each print even subsequent warping the prints can com- 
pensated. Constant elevation and straight course also reduce mimimum 
tendency tilt. These factors and the laboratory conditions are well 
understood the firms engaged this class work and the engineer who 
buys his photographs may expect that due effort has been made minimize 
such errors, the degree success achieved perhaps varying with the company 
that does the work. 

When the photographs are received the engineer must constantly bear 
mind that they correspond the plane-table sheets, which, the standard 
ground method, have been filled around some form control. Where 
ground sketches are used the location all detailed information has been 
determined largely sighting, pacing, and estimating. The amount and 
character the detail shown depend the judgment and skill the 
topographer and his understanding the instructions under which 
working. Since two minds are exactly alike, certain that will, 
some measure, include unnecessary items omit some that his superior wants, 
both. addition, there will errors, usually omission, due the 
fact that important objects may hidden from his view some feature 
the terrain. one instance, comparison was possible between the work 
especially skillful and topographic party and aerial photo- 
graph taken soon after the ground work was completed. square less than 
2500 ft. side there were nine reasonably obvious errors the ground 
men the form lines streams, the correct interpretation which was the 
object for which the map was being made. 

the delineation contours that the ground topographer uses the 
greatest freedom estimating distance, elevation, and form. required 
prepare vertical projection horizontal plane imaginary lines 
slopes which able view with his line sight, making only small 
angle with the horizontal. The writer’s conclusion that, outside city 
surveys, the most skillful ground topographer unable 
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accurately but that they can materially improved the use aerial 
photographs and stereoscope (not necessarily measuring stereoscope). 
Gently sloping terrain would form exception any such conclusion. 

If, instead the topographer’s plane-table sheet, the engineer has 
aerial photograph, will find there mechanically complete record every 
object visible the eye the camera. Some points may hidden shadows, 
overhanging trees, etc., they may too small identified, but otherwise 
everything there and the question human judgment and the ability 
observe, estimate distances, has been wholly eliminated. fact, the 
chief difficulty that there too much detail; the engineer probably not 
interested what shown. This why, the general case, map 
made from aerial photographs, which includes what value and omits 
the remainder, preferred the photographs themselves. Certain 
essential objects will missing, and foremost contours. 
addition will not practicable distinguish monuments marking property 
lines, telephone and telegraph lines, while such things church spires, 
towers, high chimneys, which may important landmarks will difficult 
and sometimes impossible identify from the photograph alone. Such items, 
however, can quickly and definitely located field contour party. 

The work the ground topographer subject the errors the instru- 
ments used and the personal equation the man. The photograph 
subject instrumental errors but not the human equation. There 
record where important primary traverse the ground surveyors 
inadvertently omitted 100 ft. and the was completed without the error 
being discovered until was later checked aerial photography. the 
location detail, which the operation prime importance the engineer, 
the human equation factor. With the aerial photograph 
this essential phase the work done mechanically. the finished map 
omits essential features they can added later, the great majority cases, 
from the photographs file without going back the field. 

The chief error the camera parallax governed natural laws for 
which due allowance can made, and this can sense compared with 
the vagaries the human equation. addition, not only successive 
exposures the same flight overlap but adjacent flights are expected over- 
lap per cent. The practical result that, the great majority cases, 
given point appears from two ten prints. This gives from two ten 
independent determinations any point; permits the elimination any 
photograph made inconsistent with the others tilt; and the mean these 
positions gives reliable final position for the point. matter fact, 
few prints have eliminated because tilt. 

Having the photographs hand, the engineer can proceed with the con- 
struction his map along lines closely analogous those for standard ground 
surveying. That is, can start with his known points, traverse roads and 
railroads, run level lines and then, with the photographs taking the place 
the topographer’s sketches, add detail from them and contours from ground 
may desired. this method followed, the amount 
road traverse necessary may greatly reduced the use photographs. 
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Experience shows that single accurately located highway, for example, 
sufficient control from which can built the map area several miles 
each side. The accurate location single points (selected that they can 
properly identified the photographs) spaced mile mile apart 
will well road traverse. the method radial control* used, 
accurate base lines about miles apart are all that are essential, although they 
are habitually obtained from the ground scale check individual photographs 
much smaller intervals. 

There are two actually.to handle the photographs this process 
map making. The first method most useful when the scale the photo- 
graph much larger than that which the field work done, but 
can used, course, whatever this relation this method the control 
first plotted plane-table sheets, next, the photographs are properly 
oriented, and then, means pantograph, roads, railroads, streams, etc., 
are transferred from the photograph the field working scale the plane- 
table sheets. The topographer takes both this plane-table sheet and the photo- 
graphs from which was prepared into the field and there completes the map, 
using the photographs measuring the ground may most advanta- 
geous. His work all done the plane-table sheet and the photographs are 
used only for reference. This method has been used extensively the 
Geological Survey. 

The other method useful the photographs have been taken the 
same scale that selected for the final map. applicable when the map 
scale large enough for photographs the same scale show ground features 
without the use reading glasses other magnification. This 
method used the writer, the map and photograph scale being 
15000. this case, the print itself, used the plane-table 
sheet, taken the ground topographer into the field. His work consists 
checking the scale the print, drawing contours, and reinforcing such 
features may small, obscure, hidden foliage, shadows, 

the first are located and drawn the field sheets 
the standard way with such assistance may obtained from the detailed 
information the photograph. the second method, the contours are 
located and drawn the photographs themselves*. Its importance comes 
from the fact that since the contours appear the photographs proper they 
can examined the stereoscope and thus give, first, highly accurate 
method determining form and horizontal locations contours the field; 
and, second, thoroughly convincing office check these two items. Prior 
the advent the aerial photograph stereoscopic use, comparable 
accuracy contour location the field was possible only expensive city 
survey methods and even then office check this item was physically 
impossible. both high degree initial accuracy and the office check 
are possible costs which should less not only than those city surveys 
but also than those the former highly inaccurate method the sketching 
board, pace, and aneroid barometer. The stereoscope needed this process 
can made the average cabinet maker and costs only few dollars, 


The Military Engineer, September—October, 1924. 
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There are now several companies engaged the business taking vertical 
aerial photographs and making maps from them. such companies 
engineers must look least for the first step the process, that is, the taking 
photographs. the Engineering Profession large comes fully appre- 
ciate the value this method and takes due advantage it, these companies 
will able continue business and will not long before such photo- 
graphs will considered indispensable feature wide variety engi- 
neering studies. Cost, always, will important item and, all 
other business, this depends the demand. Quantity production con- 
trolling importance the aerial photographic side this work and costs 
cannot kept low except where the work large several smaller jobs can 
completed the same time and from the same base, thus giving the 
equivalent one large work. 

Although costs can and should lowered somewhat the use aerial 
photographs, this little importance compared with other advantages 
obtained. The engineer most interested the detailed information maps. 
Heretofore this has been obtained and recorded methods which have per- 
mitted errors any kind and magnitude included and pass unnoticed 
and even unsuspected. the use aerial photographs, details are now 
obtained and recorded method that eliminates errors due the human 
equation and permits instrumental errors minimized any extent desired. 
all stages, including that the finished product, there highly satis- 
factory check the accuracy the work, particularly deals with 
that vitally important factor, detail. 


topographic maps guide the planning extensive engineering 
works, such water systems, roads, transmission lines, railroads, and irriga- 
tion works, has been appreciated recent years far greater extent than 
formerly. Although most engineers now realize the desirability general 
map high degree accuracy preliminary the detail 
study engineering works, the time required frequently has prevented the 
construction such maps. 

some extent this need supplied the Federal Government the 
general topographic map the but this map means com- 
plete, less than 40% the country having been covered. From the nature 
the case the scale such maps small amount, for engineering 
purposes, only reconnaissance survey. 

Such maps are usually adequate for determining the area the 
catchment basin; for indicating relative altitudes different parts the 
basin; for furnishing rough guide for the location and selection reservoir 
sites; and for indicating the most promising routes for canals pipe lines, 
roads and railroads, surveyed greater detail before plans are made. 
does the general map furnish the final data, except perhaps the 
matter catchment areas, which are useful computing spillway capacities 
and comparing different basins parts basins, their water yield. 


and Gen. East Bay Municipal Utility Dist., Oakland, Calif. 
Received the Secretary, June 19, 1926. 
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The development the aeroplane and the adaptation aerial photography 
the construction topographic maps has brought into new relation the 
element time necessary for the construction accurate topographic maps 
large scale. The necessary aerial photographs usually are obtainable 
few hours flight clear weather, provided the basic location for control 
has been furnished advance. additional work the office and 
laboratory necessary make maps from these photographs, but this work 
independent the weather, and part its results can quickly made 
available provided the maps can completed from the original photographs. 

many errors are possible this work that has been customary use 
photographs only for rough guides the form mosaic and re-occupy field 
points for the purpose sketching the contours, which are controlled pri- 
marily the preliminary triangulation, and detail the photographs 
themselves. This use photography great assistance, both the speed 
and accuracy the work, and with this method high grade topographic 
maps should turned out more quickly and cheaply than without it. 

The ingenuity the inventors the Brock process has accomplished 
distinct advance the production topographic maps photography. 
clever devices and re-photographing the plates most the mechanical errors 
the process can corrected the manner explained this interesting 
paper. 

The greatest and unique advance, however, and the one that most 
distinguishes this process from others the translation the photographs 
into contours without additional field work through the stereoscopic methods 
described the paper. This great improvement, checked has been 
direct comparison results, will accelerate the introduction such methods. 

When the advantage and economy, both money and time, appreciated, 
all large enterprises will examined the prompt establishment the tie- 
points for necessary horizontal and vertical control, and prompt steps will 
taken make comprehensive and accurate photographic maps the region 
under study. This will eliminate vast amount expense and delay pre- 
liminary surveys and effect still more economies the elimination errors 
plan and estimate, due insufficient preliminary information. 

Such preparation should recognized essential for the preliminary 
location railroads, wagon roads, and transmission lines, and for the loca- 
tion reservoirs and the determination their capacities, well the 
canals, tunnels, and pipe lines necessary utilize the water. 

These methods are adaptable photography every Its 
greatest advantages obviously lie regions where other methods are most 
difficult, extremely rough localities those covered with timber brush, 
those for which the field season short, the more northern regions 
America, Europe, and Asia. Vast areas having oil, timber, and power resources 
are yet studied, topographically and geologically, for their development, 
and such regions offer almost unlimited opportunity for using accurate 
mapping methods, which, turn, will greatly expedite and stimulate their 
development. 
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LAND SETTLEMENT IRRIGATION PROJECTS 
Discussion* 


(by following statement has been 
made the author 

“Tf the settlers project are prosperous, their farms paid for, 
can see that they can pay reasonable time; other words, they are 
making money, there settlement problem. The problem, fact, 
bring about this highly desirable state affairs.” 

There plenty evidence indicate that people will buy land any 
project where money can made. Success breeds success. farmers are 
making money raising wheat Canada, beans California, cotton Ari- 
zona, apples Washington, flow settlers will immediately start for 
those fields profit. they succeed, others will follow. 

The experience settler project California that has been success- 
fully settled since the World War, will serve illustrate the importance 
profits factor promoting land settlement. university graduate with 
$50 cash, some implements, team horses, and sufficient experience keep 
him from making too many mistakes, contracted purchase 100 acres land 
1920. rented 150 acres more and farmed all himself, with occa- 
sional help during the rush seasons. made the first year with 
barley crop that yielded sacks the acre. has not made less than 
$10 000 per year since and now raising beans land that will readily rent 
for $35 $50 per acre. Needless say, opportunity for making profits 
that kind attractive. There serious settlement problem under such 
conditions. Stampedes for land would occur the future they have the 
past opportunity for real profits was offered. The problem arises because 
“that highly desirable state affairs” does not exist the average project. 

Questions advertising, promotion, selection settlers, low rates 
interest, and long-time payments are all affected the primary problem 
securing profit from the land. that problem can solved for any project 
the other problems become relatively unimportant. 

Too little attention has been paid the soil considering the possible 
profits from the land project. Good soil, plenty water, adequate drain- 
age, and climate which allows for wide range crops, are essential factors 
money made. Compare those projects that are having trouble with 


Discussion the paper Augustus Am. Soc, E., continued from 
August, 1926, Proceedings. 


Care, Presidente Comision Nacional Irrigation, Chapultepec, Mexico. 
Received the Secretary; June 25, 1926. 
Proceedings, Am. Soc. E., March, 1926, Papers and Discussions, 417. 
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those which some progress being made and will found that some 
one these basic factors lacking. the soil map compared with map 
showing the density the farming population one will find that the rich 
loams are the center the settled areas, and that the poorer soils are more 
sparsely settled. Projects including good soil, plenty water, and adequate 
drainage will develop into prosperous communities. the project with 
poor soil, little water, and poor drainage that presents the problem. Long-term 
credits low rates interest will not make garden out gravel pit 
prosperous farms goose land areas. 

Even with good soil man must have sufficient land produce ade- 
quate income. French peasant may satisfied foot his little 
2-acre strip land sunrise, with some bread and sour wine keep him 
nourished, but such prospect would not settle project this country. 
man cannot have the comforts life, educate his children, content 
peasant’s income. The acre and independence idea has not worked out. 
profit per acre all right there are sufficient acres. the total 
return that important. The settler the project mentioned previously 
would not have remained had been limited acres. The Imperial 
Valley dairyman with acres more content than the man with acres, 
even where yields per acre are high they are Imperial Valley. the 
other hand, man does not want land poor; carrying unproductive land 
certainly, successful pastime. 

The success project often hinges the part the engineer the pro- 
gram. His responsibility construct project that will have adequate 
supply water cost which the farmer can pay. Unit construction and 
the utilization temporary works are mentioned Mr. Griffin important 
factors this respect. The irrigation system for service the settler and 
anything that can done improve that service should done. Drainage 
should provided for the budget and every effort should made carry 
out the drainage program time prevent unnecessary loss individuals 
whose land may become affected rise water level. 

The price land usually the big barrier the settler must meet. The 
price land includes more than the purchase price. The cost leveling, 
putting the land into crop and waiting for returns, and pioneer com- 
munities. allowing for adjustment market conditions, must all 
included the price the settler pays. arbitrary purchase price usually 
set, which supposed permit profit the owner. the long run, how- 
ever, the price land residual item and depends the demand for the 
products well how much these products the land will produce. Ad- 
vertising will dispose land ultimately, but the price not right the first 
settler will likely fail account inability pay interest and make living. 

Terms payment are, course, helpful enabling settler meet the 
price has pay. They also allow man meager means purchase 
land when otherwise might not able so. Long-term payments, 
however, are frequently used justify high prices for the land, which con- 
stitutes burden rather than benefit. Long-term payments not always 
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appeal the best class buyers for they conclude that, such payments 
are necessary, they prefer where the land can paid for shorter time. 

discussion the problems settlement naturally leads analysis 
the motives behind settlement. Mr. Griffin mentions* three: First, 
secure returns the investment, whether land irrigation construc- 
tion; second, populate and develop the project National enterprise; 
and, third, create traffic and other business. 

the development creates real opportunity the promotors are genuine 
benefactors and all concerned prosper. If, however, three generations 
settlers will required before the land successfully developed, the settler 
has some justification considering himself the real benefactor. The 
settlers Palestine carry this feeling far that they consider themselves 
army occupation, preparing the way for those follow, who are sup- 
posed pay the bill. reality, often resolves itself into struggle for 
all concerned—a struggle which the settler not the only loser. 

There middle-ground average project which the settler has 
good chance acquire independence, willing work, deprive himself 
some comforts, and undergo some hardships. advertising, with 
helpful assistance for the settler who may not familiar with the locality, 
will bring results. Each family asset and although the growth may 
slow the ultimate result will the establishment community. 

Pioneering depends largely the individual. man with tenacity 
purpose will pull through and create home for himself where weaker 
man will fail. the successful settler could selected advance, would 
simplify matters considerably. impossible, however, select settlers 
satisfactorily, except very general way. Often the man who appears 
weak has the willingness and ability succeed where the good prospect 
may fail. The establishment financial standard helpful, although not 
always best. Men with money are often losers, Mr. Griffin indicates. 
going community the failures take care pioneer section, 
however, the failures are conspicuous. 

Projects should carefully selected before they are launched. The poorer 
land will the market time, when the margin production 
extended the pressure population. That time will come soon enough. 
Only the best land should developed, especially the water supply not 
sufficient for all the land available. When good land offered reasonable 
price the settlement problem will not serious. The present temporary lack 
demand for land will change when agriculture whole better 
paying basis. When industry such agriculture receives National adver- 
tising because the low price products and the consequent suffering 
some communities, will take some time bring enthusiasm for that industry 


back healthy basis. The establishment “that desirable state affairs” 
will it. 


Proceedings, Am. Soc. March, 1926, Papers and Discussions, 417. 
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CORROSION CONCRETE 


engineers using cement and concrete for structural purposes believe, 
have had reason question, the idea that Portland cement. 
forms compounds insoluble water. That Portland cement soluble has been 
known for many years engineers the Western States and Canada who 
have been building, and observing the behavior of, concrete structures exposed 
fresh and alkali waters. The greater part the rapid deterioration 
these regions has been due the soluble salts, principally the 
sulfates, found the ground-waters, but there have been numerous examples 
the removal lime from the mass and its deposition the surface the 
form the carbonate waters that have low and would not 
expected attack concrete fair quality under normal conditions exposure. 
Since 1906 numerous investigations have been conducted and experiments 
made determine how concrete known quality affected exposure 
these abnormal conditions. Although broad and final conclusions yet 
drawn, the results most experiments are fairly close agreement. 
has been determined (a) that Portland cement concrete good quality may 
disintegrated, due the breaking down the cement; and (b) that for 
made from fair good quality aggregates the cement content 
the greatest factor prolonging the life concrete. Field and laboratory 
experiments together have indicated that concretes exposed water, either 
fresh alkaline, should have low permeability and that permeability most 
greatly influenced and controlled change the cement content. the 
cement content increases, permeability decreases. Generally these most nearly 
impermeable concretes are high highest percentage voids and lowest 
density. The mixture least permeable, and most resistant fresh 
water action, yet lowest density.is neat cement. The mixture most perme- 
able, least resistant fresh alkali water highest in. 
usually show decrease density and great increase. permeability depend- 
ing the sand gradation, since the cement longer sufficient 
fill the pore space the same proportional degree the richer 


Discussion John Baylis, Assoc, Am. Soc. E., continued from 
August, 1926, 
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Many engineering articles concrete refer the necessity obtaining 
high density low porosity water-tightness high strength 
The criterion for both strength and water-tightness assumed 
and generally supposed that these desired qualities will 
cement, aggregates, and water are proportioned have 
density. 

The writer believes that both laboratory studies and field experiments are 
accord pointing the conclusion that concretes, the mortars con- 
cretes, highest densities are not those highest strength water-tightness, 
with consequently greatest resistance deterioration, and that there little 
relation between density concrete mortar and strength and imper- 

The data presented seem indicate, (a) that the method described 
the author for determining the density mortar unnecessarily laborious 
and involved; and (b) that density concrete, the density mortar 
concrete cannot accepted criterion for either strength water-tightness. 
The data reported apply the particular cement and aggregate gradings used 
these tests. 

Determination Density Concrete and following method, 
generally used concrete laboratories for determining density, suggested 
being simpler and more accurate than that based absorption, outlined 
the author. 

volume and that materials having the physical properties given Table 
are available. desired determine the quantity cement required per 
cubie yard concrete, the density the concrete, and the density the 
mortar the concrete. 

TABLE 


Specific gravity. 


Weight per cubic foot, 
pounds. 


weights will determined grammes (Table and volumes cubic 
centimeters. 

grammes net weight this wet concrete. 

Weight 1417 cu.cm. 
Weight batch 6050 
Then, ft. there are: 
0.563 1000 563 grammes cement 
0.563 1550 873 grammes sand 
0.563 2940 1660 grammes gravel. 
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TABLE 
volume. Proportions weight. Batch weights, grammes. 

2.94 
Water for required 


Computation Cement per Cubic Yard 


672 lb. cement per cu. yd. wet concrete. 
453 (grammes per pound) 


This quantity should slightly because the shrinkage during 
hardening, dependent mainly the flowability. good average value would 


180.5 cu. cm. cement 0.05 cu. ft. 
873 
328.0 cu. cm. occupied sand 0.05 cu. ft. 
660 
623.0 cu. cm. gravel 0.05 cu. ft. 

cu. em. volume solids 417 cn. cm. space 

Density solidity ratio concrete 0.798 


Volume mortar concrete 417 623 794 cu. cm. 


285.5 
Voids mortar 794.0 0.359, 35.9 per cent. 
Density mortar 1.000 0.359 0.641 


The density concrete mortar may always computed outlined 
whenever the quantities materials used batch well the weight 
aknown volume the mixed concrete can determined closely estimated. 
This may always done with materials the laboratory, but the application 
the method field operations dependent the controlling 
proportions. 

Fig. the neat cement and mortars are shown for 
proportions aggregate and for the range consistencies 
practice. Flowability was measured means the flow-table. flow 
value 150 represents sticky plastic mass that spreads sluggishly, while 
flowability 250 represents wet mixture generally need used 
construction work where reasonable amount spading and tamping done. 


1508 WILLIAMS CORROSION CONCRETE 
will noted that the porosity the density decreases the 
cement content increases. The rich mixtures are most porous but stronger and 
more impermeable than the lean mixtures. These results would indicate that 
mortars containing coarse eggregate, strength and impermeability, and 
durability, vary inversely with density. 


0.700 
0.680 


520 
160 170 180 220 240 250 


MORTARS AND. NEAT CEMENTS, 
PROPORTIONS VOLUME. 


concretes the density variations are not mortars and the 
values are influenced other factors such relative quantities fine and 
coarse aggregate. Table are grouped concretes varying cement con- 
tent per cubic yard from 356 667 great range usually found 
practice. Two sand-gravel ratios were used, 1:2 Densities 
concretes and mortars were ‘computed and specimens were moulded for deter- 
mining densities the absorption test outlined the author. would 
the absorption method gives higher densities and lower voids 
since not possible fill all the pore 

grouped together shown Table 11. 

Comparing the computed voids, the increase from 206 231 
the 1:1.5:3 mixture makes far greater increase than does the 
reduction cement that the 1:3:6 determined 
absorption indicate that the same change flowability affects the voids 
greatly the reduction cement ‘content that the 3:6 mix. 
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Permeability and strength tests the laboratory well field exposure tests 
would indicate the proportions the best mixture, yet the den- 
sity results indicate little choice. 


TABLE 11. 
Mortar. 
Cement per 
pounds. 
Computed. absorption. 

520 193 0.362 0.298 
650 0.358 0.259 
647 231 0.385 0.290 


Grouped values for the sand-gravel ratio are given Table 12. Here, 
again, selection based mortar voids would suggest that lean mixtures are 
desirable the rich, contrary tests and experience. 


TABLE 12. 
Cement per 
Mixture. cubic yard, Flow. 

209 0.306 0.244 
1:2.9:2.9 527 234 0.317 0.242 
1:2.2:2.2 667 190 0.309 0.236 
1:2.2:2.2 262 0.250 

third comparison, that 1:2 sand-gravel concretes with those having 


ratios, indicates wider differences voids for equal cement contents than 
found any one group between the richest and the leanest. Laboratory 
tests concrete these sand-gravel ratios indicate little difference between 
permeabilities and strengths concretes equal cement content and flow- 
ability. 

The void contents the mortars listed Table indicate little variation 
between the proportions, and 1:3, based absorption, while for com- 
puted values the leaner mixtures would favored. Neat cement, based 
the void content, less desirable than 1:3 mortar mixture. would also 
less desirable than concrete. 

Test data obtained the writer’s concrete laboratory since 1920 have con- 
sistently pointed out that little relation exists between density and con- 
quality. The richest and best concretes from every viewpoint have 
slightly lower densities than lean mixtures, which are low strength and 
which have short life when exposed alkaline soil waters. All evidence 
has pointed toward the importance impermeability low permeability 
the quality sought where the best concretes must Fortunately, 
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permeability decreases, although not necessarily proportionally, the cement 
content and strength increase and, within the fairly wide limits necessary 
practice, variations aggregates and flowabilities appear secondary 
factors, 


pe. 


Test Specimen 
Molded edge 


pressure tank 


14.—APPARATUS FOR PERMEABILITY TESTS. 


eliminate much the difficulty which was experienced with some 
the earlier types permeability apparatus the writer devised the arrange- 
ment shown Fig. 14. operation the placing and adjusting the test 
specimen easy and rapid the placing book the old style letter- 
copying press. The test specimen may removed and replaced often 
desired for further tests without injury. Fig. shows specimen being 
tested qualitatively, the time interval required for moisture show the 
upper face being measure the permeability. quantitative results are 
desired second base casting and gasket may take the place the four- 
legged casting the upper face. The water applied top and the seepage 
may caught below graduated container that takes the place the 
water feed pipe Fig. 14. U-shaped rubber gasket effective pre- 
venting all leakage. Test specimens are always cast edge with the large 
surfaces contact with the sides the form, which eliminates errors and 
variations due excessive troweling. 

Density Cement Paste Mortar and Concrete. —The foregoing test 
results would indicate that density concrete and density mortar con- 
not vary directly with their strength and impermeability, that 
density cannot utilized criterion for such would appear 
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from Table there may relation importance and value between 
the density the cement paste mortar concrete and the qualities 
strength, water-tightness, and resistance deterioration. density 
cement paste varies directly, although not proportionately, with these 
qualities, Whether not slight changes this density will always accompany 
changes strength, even for the same materials, will require many more 
tests than the writer has made, but the few values given Table show how 
the factor varies for the particular aggregates used. easy rank these 
mixtures order strength and impermeability without further tests 
far the individual groups are concerned. The neat cement should head 
the list and has the highest cement paste density. The mortars should 
rank the order given but values would bear greater ratio 
each other than the ratio the densities. The concretes with the two 
sand-gravel ratios would rank listed each group. 


TABLE 13.—Density Cement Paste Mortar CONCRETE. 


PROPORTIONS VOLUME. 


Density cement 
paste. 
Cement. Sand. Gravel. 

About 210 0.545 
1.5 206 0.389 
2:2 2.2 130 0.402 
2.2 2.2 190 0.346 
2.2 2.2 220 0.330 


possible that further study will show correlation the 
density cement paste and the strength and: other concretes 
and mortars, which will make this relation permit 
general application; but would seem that this the one “density” the 
three which may prove value. density can only 
asihere shown for the assumed batch can not obtained prac- 
tically from the absorption test. 


Drarrin,* Assoc. Am. Soo. (by this excel- 
lent paper the cause the corrosion concrete analyzed and method 
minimizing this action proposed the form new test, mortar-voids 
test for porosity. claimed that porosity the most important factor 
the deterioration concrete. The paper should attract the attention 
two classes engineers, those who are interested greater knowledge 
the basic action the different compounds Portland cement concrete, and 
those who are interested knowing why one piece concrete will 
apparently quite similar, will give good Rela- 


Asst. Prof. Theoretical and Applied Mechanics, Univ. Urbana, 
the Secretary, June 28, 1926. 
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tively more progress has been made the study the strength conerete 
and the factors which, affect that strength than the elements which affect 
its durability. Many structures have suffered serious deterioration result 
this lack knowledge. This paper, which treats the durability con- 
crete, and the different conditions which affect it, should challenge the 
careful thought engineers and investigators. 

The theory presented based the that the 
Portland cement produces calcium hydroxide which later changed into 
the strength the concrete certain conditions may 
dissolved water and thus leave the concrete porous and weakened. The 
two sources protection against the formation and subsequent solution 
the calcium carbonate are the aluminum and silicon hydroxides and the 
nated layers air, both which prevent the entrance carbon dioxide and 
water. ‘For this purpose the aluminum hydroxide more effective than the 
silicon hydroxide. The degree which these protective layers been 
effective may measured the alkalinity the concrete. 

This hypothesis once raises question regarding the 
during the hydration Portland cement. The author makes dogmatic 
concerning the hydration Portland cement and view 
present state knowledge this probably wise. not. which 
the various compounds Portland cement produce calcium hydroxide although 
may from the context that all them so. may well 
state. the present ‘fairly well accepted theory concerning the composition 

aluminate, and silicate. Klein 
working with pure constituents, concluded 
re-acted follows: 


aluminate hydrates hydrated aluminate. This 
forms amorphous hydrated aluminate and later crystallizes; the 
crystals the Al, 9H, Calcium hydroxide 
not formed. 

silicate hydroxide and hydrated silica. 

silicate hydrates very slowly and amorphous substance 

Messrs: Klein and Phillips further state that the hydration Portland 
same products general way and also gives 
sulfo-aluminate crystals, due sulfate the cement. 

The writer has made some studies the hydration ‘the 
various pure constituents and general way his observations agree’ with 
those Klein and Phillips outlined: showed only 
slight hydration fifteen and hydroxide could 
detected. silicate gave abundant crystals hydroxide; 
and the aluminates, both low and high gave 
hydroxide, 


rs. 
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These studies were made placing small quantity the substance 
glass slide, mixing with excess water, covering with cover glass, and 
sealing around the edges with Canada balsam. The calcium hydroxide which 
formed from the silicate began back solution about 
ten days and the re-solution was complete about two months, leaving only 
the outlines show where the crystals had been. the hydrated tri-calcium 
silicate was sealed from the air, there could hardly have been enough carbon 
dioxide the mixing water change the calcium hydroxide into calcium 
carbonate, and continued observation showed that calcium was 
formed. Therefore the hydroxide went into solution directly from 
the hydroxide form. 

view these observations, there might seem some question regard- 
ing the validity the assumption concerning the formation and solution 
calcium hydroxide. This would not change the view the mechanism 
corrosion presented but only the degree which might might 
affect, however, very markedly, any conclusions regarding the durability 
high alumina cements. 

The emphasis the importance dense concrete timely. Writers 
the past have pointed out the same thing but needs reiteration from 
study defective concrete,* attributes the “disintegration” the formation 
dikes” which their growth disrupt the concrete. Although 
the character the action which produces the disruption not the same, 
according the views held Mr. Johnson and Mr. Baylis, they agree 
one important particular, that the need for dense concrete. Mr. Johnson 
says “the problem making cencrete for all services essentially 
one making concrete impervious”. 

interesting question arises trying reconcile the different 
propounded recent discussions. that the proportion tri- 
silicate cement largely governs the quality the cement; the 
cement will better with large proportion The 
quality this instance judged the strength developed. true 
that only the tri-calcium silicate produces hydroxide, stated 
Klein and would appear that the condition for maximum strength 
that for minimum resistance corrosion, far chemical composition 
concerned, because high strength requires tri-calcium silicate, which would 
produce much calcium hydroxide change into the carbonate and dissolve. 
evident that there are many factors considered determining 
the conditions which shall produce the maximum value any given prop- 
erty. would not surprising further study developed the fact that 
cement with high values certain properties, which make well adapted 
one use, gives material poorly adapted some other use; which 
say that future development may bring out series cements each suited 
specific purpose. 


Microstructure Proceedings, Am. Soc. for Testing Materials 
Vol. (1915) Pt. pp. 


Soc. E., Engineering News-Record, April 22, 1926, pp. 


Technologic Paper No. 43, Bureau Standards. 
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SNOW REMOVAL PROBLEMS 
ORGANIZATION AND OPERATION 


Discussion* 


Howarp Am. E—The organization and operation 
snow removal have been ably detailed Mr. Hamlin, but question 
just how many States work under these ideal conditions. The removal snow 
from road surfaces one Utah’s newer maintenance problems. the days 
horse-drawn vehicles one ever thought snow removal except for 
pedestrians. the early days automobiles the owner generally housed his 
car during the winter least confined town use. With the present 
tremendous investment motor cars, together with the absolute necessity 
using them all walks life, however, the economic demand such that 
main trunk-line highways must kept open for constant use, winter and 
summer. This demand justifies the expenditure almost any amount 
money within reason. 

Another reason for the constant use the highways during the winter 
the extensive use non-freezing solutions automobile radiators and the 
increased number closed cars. This makes travel automobile both pos- 
sible and comfortable. Within few years snow removal will regarded 
essential maintenance operation, railroads look to-day. Even now 
the car who happens held for short time road that 
being kept open has cultivated the habit complaining about the delay 
instead being happy that can get through all. The problem clear- 
ing road surfaces snow the most economical manner confronting the 
highway maintenance organization all States where snowfall occurs. 

addition these economic features winter travel, there are three rea- 
sons why highways should cleared: 


snow remains the road surface layer ice forms, and the 
action tire chains soon ruts through this ice the pavement. Cars 
are compelled this one lane travel, next impossible 
leave when the occasion requires. This condition caused many accidents 
Utah during the winter 1924-25 sections where was impossible com- 
mence clearing the snow immediately after one inspection trip 


This discussion (of the paper George Hamlin, Am. Soc. E., presented ‘at 
the meeting the Highway Division, Salt Lake City, Utah, July 1925, and published 
August, 1926, Proceedings) printed Proceedings order that the views expressed 
may brought before all members for further discussion. 


Engr., Road Salt Lake City, Utah. 
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between Salt Lake City and Nephi, distance miles, five cars were 
reported with bottoms up. 

result confining traffic these single lanes shows tre- 
mendous wear the paved surface. the case one bituminous pavement, 
laid during the previous fall, was found after the surface had been cleared 
that the action the tire chains loose considerable the wearing 
surface and had formed ruts throughout its; entire length. 

Third—Spring maintenance naturally increased when snow left 
the road surface during the winter. Melting snow, confined soon 
soaks the sub-grade and produces disastrous results. 


There are several points Mr. Hamlin’s paper that should 
sized. course, organization and equipment are essential all lines 
endeavor connected with highway construction and they 
are more essential snow removal than perhaps other kind work, 
account the conditions under which organization labors and the kind 
tools with which has work. illustration, during the 
1924-25, the removal snow one section road ‘in the northern part 
Utah was necessary keep constant use the available equipment ‘on 
account stiff wind that filled the roadway with snow about fast 
could The low temperature, about Fahr. below zero, ‘necessi- 
used 

perform their work regardless time conditions. The nature the 
work requires loyalty, untiring efforts, and courage grapplé with’ work 
that has the appearance approaching the impossible. crews 
upon work long hours, night and day, because 
strated that the time commence the work when the begins fall. 
the mountain States the high passes required kept open 
the most sections. Utah, the winter 1924-25 was the’ first 
which organized effort was made remove the snow from ‘the main 
highways. 

north through the entire length the State the Arizona line the south. 
attempt was made clear the east and west The Uintah 
Basin the northeastern part Utah without rail transportation, conse- 
quently necessary keep open this connecting link 200 
This was accomplished working three 10-ton caterpillar tractors 
each equipped with snow. plow, the work being 
with the Postal Service. 

bear observation and study. Throughout the highways where 
only light snowfall occurs the problem comparatively easy, the snow 
being pushed off plows attached trucks and constant atten- 
tion the highways can with reasonable amount ‘of 
high country, however, the problem not easy. Where snow falls each 
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winter depth perhaps ft., and the wind blows almost constantly, 
difficult problem. Through one pass the northern end Utah, this 
was accomplished the use caterpillar tractors and snow plows with blades 
built the height ft. However, with this kind equipment was 
found that the snow quickly piled along the sides. was tremendous 
task shove off the grade dispose some way that new snow 
could handled. With rotary the snow ‘might removed entirely 
with one handling. 

Another usable piece of. equipment for snow depth 
the Weir one-man grader, using Fordson 
tractor the mobile unit. The advantage this that can 
move quickly and cover considerable distance, but course 
confined light work. 

becomes serious menace during the winter and considerable thought 
has been expended just how devise the removal guard-rails. Possibly, 
this accomplished sawing off the wooden posts close the ground 
and using 2-in. pipe dowel connection between the stationary and 
movable parts. Snow fences perform important some sections 
highways this mountainous country. Usually the prevailing winds are 
from one direction and the problem placing snow fences such position 
hold the snow successfully question requiring individual study. 
The necessity considering the snowfall and the direction wind the 
neer. construction costs are not justified atrive 
ideal condition, but often locations where the direction the pre- 
vailing winds will clear the snow from the road surface without additional 
cost may chosen. other cases the location after exhaustive 
study, with the definite knowledge that snow removal requirement. 

During the winter 1924-25, snow removal was Utah along 
several hundred miles road. Much this presented particular difficulty 
was country light snow. However, 184 miles did present real 
problem: The cost this work averaged $81 per mile, ranging from $456 
another section adjoining it. 

Where snow removal necessary the cost part the annual 
maintenance budget and should approached definite idea 
accomplishment every other part maintenance. 


principles adopted the very beginning the ‘construction the highway 
system Wyoming, which have governed the location, design, and 
tion all such highways built that State. believed prin- 
ciples are worthy careful consideration all localities where snow 
ditions. prevail, order that this hazard may reduced 


State Highway Engr. Wyoming, Cheyenne, Wyo. 
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The proper location primary importance and should governed 
the topography, the prevailing direction the wind during the winter, and 
the exposure, with grade and curvature, within allowable limits, receiving 
secondary consideration, The sacrifice alignment and grade reason- 
able extent may necessary secure snow-free road. country sub- 
ject snowfall, the successful locating engineer must not only familiar 
with the territory which working, but should have good knowledge 
the winter weather conditions which generally prevail. 

the open areas the Western States the location should made 
ridges slopes against the prevailing direction the winter wind, 
that elevated roadbed will swept clear. All cuts are avoided, 
but where this impossible the location and construction should such 
that they will swept clear the wind. the mountainous areas where 
the traffic not sufficient justify keeping road open during the winter 
months, proper exposure fundamental, and conformity therewith the 
best possible grade and alignment that the country affords should secured. 

The winter season may utilized advantage determining the location 
except forests mountains, preliminary study may made with 
sufficient notes snow conditions that the locating engineer may 
governed these when the survey made. neither these plans fol- 
lowed the final inspection the line should made the winter and prior 
the completion the plans. The notes the location survey must 
complete snow conditions that the designer will have all the necessary 
data. 

The the highway from the standpoint snow hazard must 
the hands experienced engineer. general, the surface the road- 
way should from ft. ft. above the ground line center 
governed the lateral slope, vegetation, and the drainage requirements. 
Where cuts are unavoidable they should “daylighted” widened the 
right-of-way line and all material used fills wasted below the grade line. 


.The elevated grade line has the advantage simplifying snow removal, 


should that necessary, and this practice should commend itself the East- 
ern highway engineer; also provides better drainage. addition, some cuts 
will require snow fences. right-of-way width not less than 100 ft. 
recommended order reduce the possibility drifts caused weeds 
along the right-of-way fences, and furnish ample borrow. 

Through forests and mountainous country where improbable, that 
traffic requirements will demand road, where topographical 
conditions govern, the usual design quantities should modified 
the extent elevating the grade line sufficiently that every advantage 


correct exposure will utilized and dry roadbed obtained the earliest 
‘possible date each season. This important for the reason that few mountain 


forest projects have been surfaced, principally due lack The 
requirements are practically the same for the usual location 
All vegetation, brush, sage brush, and trees should removed 
from the right way and should located take advan- 
tage slopes and wind. 
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realized that highway location and design herein described may 
not appear adaptable the older sections the United States where the ter- 
ritory closely built and may necessary follow established roads 
and grades, and where rights way are narrow, yet the speaker convinced 
that these principles may closely approached. The major difference between 
the East and West characterized heavy snowfall the East without 
much wind, while the West (Wyoming particularly) the snowfall any 
storm usually light, accompanied winds which cause drifting. These 
drifts become hard-packed within the duration the storm and are 
difficult remove with ordinary equipment. weeds grass along the 
shoulder, right-of-way fence close the roadway will cause drifts, hence 
the importance proper maintenance insure clean shoulders the fall 
the year, and wide rights way. 

When the traffic has reached volume old road such that recon- 
struction becomes necessary parallel route built, the cost snow removal 
the old route should compared with that route properly located 
and designed. seems probable that this item the final cost road 
has not been given the consideration should have had arriving the 
economic location. 


Hamlin has thoroughly covered the problems 
organization and operation snow removal. These problems are gen- 
eral nature and apply well the sparsely settled regions the West 
the densely populated sections the East. Snow removal closely 
related maintenance that difficult separate the two. 

organization for snow removal necessarily has its nucleus the reg- 
ular maintenance forces. Because the variation the time which 
and for which the extra personnel needed, there must great measure 
elasticity the make the forces. This means that the regular force 
the maintenance department must well trained, loyal, and capable 
functioning within itself well when greatly expanded. 

One the features snow removal work which applies more peculiarly 
the mountainous regions that opening mountain passes the 
spring after the snow has disappeared below and only the passes prevent 
communication between the valleys. This applies transcontinental roads 
well local roads, wherever the passes the intermountain region 
are above 000 ft. elevation, all communication except sleds becomes dan- 
gerous and almost impossible for period from three five months. 

When the time comes for opening these passes, there are two distinct 
problems solved. The first is, course, get the road opened the 
most economical manner and the shortest time. The other protect 
the grade and structures from erosion while the snow melting; this can 
done only the prevention washing patrolmen who direct the flow 
water the regular channels closely behind the melting snow pos- 
sible. 


Dist. Bureau Public Roads, Ogden, Utah. 
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Many different devices are proposed for type snow removal, 
from the heavy rotary plow the simpler forms grader. The amount 
which can spent for opening road depends its use. road 
sufficient importance its opening month advance the regular 
season worth considerable the traveling public, proportionally great 
expense justified. the traffic small, however, say, below cars 
cheaper methods removal are necessary even the time open- 
ing delayed 

One method which being tried with success many sections where 
fair proportion sunshiny days prevails that “dusting” “sanding” 
the snow.. This operation may briefly described sprinkling the sur- 
face the snow dark colored, light weight, granular material which, when 
exposed the sun’s rays, attracts and holds enough the heat cause the 
snow around the particles melt. This breaks the even surface the 
crust and greatly hastens the disappearance the drifts. This method 
being tried with good some parts Idaho. The work “sanding” 
“dusting” can done the same patrolmen who are looking after the 
flow water the ditches. This method often reduces the time for opening 
pass half that otherwise possible without heavy expenditure. also makes 
unnecessary the shoveling which otherwise would necessary eliminate 
many drifts that may cut away the action the sun. crew two 
three men can the work much larger outfit, and the organization 
correspondingly 

Another factor that enters largely into the question snow the 
location and design the roads. the densely settled sections the East 
the road more less fixed improved real estate. the 
West, however, there opportunity, particularly the roads over the moun- 
tain passes, locate the new highway the place where interference from 
snow will minimum. some cases snow studies extended over 
period several winters, with the result that when the road has been built 
lies where drifting least likely and where the exposure such that 
the snow removal done the wind and sun. 

The day when main highways can remain closed for months past. The 
demanding, has right do, traffic facilities for continuous 
use the millions motor cars which has purchased. Engineers must 
face this situation squarely and organize their maintenance departments 
that the roads will acceptable condition not only for the season heavy 
travel, but also for the lighter, but possibly more necessary, traffic during the 
months. 
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CONCRETE AND REINFORCED CONCRETE 


Discussion* 


Am. Soo. (by letter).t—The writer has 
certain Western city. The building had -been condemned the City 
Building Inspector’s Office for greater 100 125 per 
sq. ft: floor. 

sq. writer did not design building have anything with 
its ‘was built about years ago during the fall and early 
winter three floors are the flat slab type commonly known 
the “mushroom” system. The roof timber mill construction, added 
later date. The design provided for future additional the building. 


columns. 


The plans called for 9-in. flare the: capitals the interior columns, 
but the building was constructed with flares. capitals were called for 
the wall columns and none was The rough concrete floor-slabs were 
designed in. thick and the cement finish was There are 
depressions drop panels the slabs over the The slab teinforce- 
ment the four-way type with twelve round rods in, each The 
rods are into the and the belts slab rods pass 
over the columns the two ways directly and two ways diag- 
onally. There other reinforcement the where openings 
require special construction. interior columns ft. center 
center, both ways. 

inspection. the building the fact that the slabs had 


Continued 1925, Proceedings. 
Designing and Cons, Engr., Minneapolis, 
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depressions the top surfaces were built level nearly level when the 
cement finish was applied the floors. Partitions the building not 
indicate that the floors have sagged since the such partitions were built. 

Those who are in‘a position know the history the building state that 
the floors have been loaded frequently 300 and 400 per sq. After 
the writer had made his examination suggested that the floors tested 
establish their safe carrying capacity. This suggestion was adopted and 
the tests were made the presence two representatives the Building 
Inspector’s Office. 

Prior the test the writer advised the Building Inspector that would 
expect the deflection the center the test panel about in. under 
the full live load. The test panel was loaded lifts 125 lb. per ft. 
Readings were taken before the load was applied and after each successive 
load was placed until the load equalled 500 per sq. ft. over the full area 
the test panel. The deflection increased uniformly and 500 per sq. ft. 
was just in. This load was applied the first floor, which has clear story 
height about ft. in., and allowed remain for hours before another 
reading was taken, which showed change the deflection. The load was 
then removed and the recovery the slab was found complete. 

The second floor was subjected similar test but the load was carried 
only 350 Ib. per sq. ft. the the second story only ft. in. 
and was not possible place 500 per sq. ft. the floor without bringing 


other materials than those hand. The deflections were proportion 
the load and corresponded with those for similar loads the first floor. 
This test interesting for several reasons: 


1.—Because was made building which had been use 

warehouse carrying heavy loads for thirteen years. 

2.—Because indicates, have other tests, that the theory flat slabs 
proposed the Joint Committee Standard Specifications for Concrete and 
Reinforced Concrete not correct for all types flat-slab design. 

3.—Because indicates that the building industry being penalized 
building ordinances which make the use drop panels mandatory for all 
types flat-slab construction, require excessively large column capitals for 
light floor loads, and require excessive reinforcement the slabs. 


(a).—That, the rules for flat-slab design proposed the Joint Com- 
mittee, the slab tested has the thickness required for live load only 
per sq. ft. carry 250 lb. per sq. ft. live load would require the Joint 
Committee rules slab. 

(b).—That the slab tested has the minimum diameter column capital 
required the Joint Committee rules for live load only per sq. ft. 
The diameter capital required the rules for same slab thickness 
would in. 

(c).—That the slab tested has sufficient steel according the rules for 
only per sq. ft. live load. The rules would require twenty-eight 
round bars direct belts and twenty-two round bars diagonal belts. 
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The slab carried live test load 164 times great the live load for that 
slab thickness; times great the live load which the steel provides for; 
and great the live load which the diameter the column capital 
provides for, all according the Joint Committee’s rules. 

The building tested could not built carry even its own dead load 
according some present city building Yet this same building has 
done thirteen years heavy service and behaves perfectly under test load 
equal twice the design load. not time discard theories and building 
codes which are apparently far error? 

result the test and report the writer the building was ordered 
posted for safe working load 250 per ft. 
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PROGRESS REPORT THE 
SPECIAL COMMITTEE CEMENT 


Discussion* 


the Special Committee Cement, the speaker believes might well inter- 
process with which has been most intimately connected, which 
about cu. yd. was mixed and used the the 
substructure the new Filtration Plant Baltimore, Md. 

was desired reduce the time element mixing and minimize the 
attrition, the formation silt, due long mixing, with the possible effect 
permitting sand used. All this was: accomplished 
simple process and addition the human element was largely eliminated. 

The normal strength the concrete was increased 25% for each age 
sample tested; this enabled the contractors meet the specifications avail- 
ing themselves materials the vicinity, their great financial gain. 


The method (Fig. was hydrate the cement before mixing with the 
coarser aggregates, using tank, about in. diameter and ft. deep, 


This discussion (of the Progress Report the Special Committee Cement, pre- 
sented the Annual Meeting January 20, 1926, and published March; 1926, Proceed- 
ings), printed Proceedings order that the views expressed may brought before 
members for further discussion. 


Patent Lawyer, Baltimore, Md. 
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having 4-in. outlet the bottom, connected with centrifugal pump, and 
discharging into the top. This apparatus was the cement shed (Fig. 4). 
water measuring tank, was also provided. The pump operated con- 
tinuously. The water, (18 gal:) was fed into the tank bags 
cement. with the pump, top, thus causing 
violent agitation. After sec., three-way valve was turned and the hydrated 
cement was pumped the mixer (Fig. where was commingled with the 
coarser aggregates, the pumping and mixing occupying about sec. Thus, 


between the dumping batches cement, sec. was the rate 


The resulting concrete absorbed not more than moisture was 
very uniform. The human was largely eliminated because the process 
continued fast the men could work—the faster the better. Likewise 
the time element was substantially decreased, insuring minimum attri- 
tion inside concrete mixer. The results given following tabulation 
substantiate the claims strength and show that, ‘an 

the following tests the ordinary mix used Portland cement, 
parts coarse, river bottom sand, and parts clean gravel, well ‘graded. 
‘The slump tests indicate about in.: 


These tests for new Plant Balti- 
more, are averages more 200 cylinders, 


ed. 
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PROGRESS REPORT THE SPECIAL COMMITTEE 
STANDARD CONSTRUCTION CONTRACTS 


Discussion* 


written contract define with exactness what required each party 
thereto and prevent either party from enjoying the benefits produced 
the contract without first fulfilling the stipulated obligations set out. 
form for Standard Agreement for Engineering does not fulfill 
that purpose. 

Article Contract Sum.—The contract sum first fixed either 
total unit prices both. Provision then made the total, 
the unit price, both providing: 

“Where the quantities originally contemplated are changed that 
cation the agreed unit price the quantity work performed shown 
create hardship the Owner the Contractor, there shall equitable 
adjustment the Contract prevent such hardship.” 

This proviso defective that (a) there definition what con- 
stitutes “hardship”; (b) there definition what meant the ad- 
verb “so”; and (c) there measure set for “equitable adjustment”. 
Under the proviso either party can avoid the obligations the contract, and 
the instead accomplishing its purpose fixing definitely the 
ments made, leaves that important item open for future discussion. 


and the quality the original quantities subject change, which equity 
authorize change the contract sum, and fix basis for equitable adjust- 
ment. Even definition hardship might undertaken. 

Article progress payment program contem- 


brought before all members for further 

Received the Secretary, February 1926. 
Proceedings, Am. Soc. E., March, 1926, Society Affairs, pp. 


practicable indicate both the amount change the original quantities 


plates that agreed percentage the value the labor and materials 
porated the work and materials actually delivered therefor shall paid 
the owner. Then “upon substantial completion the entire work” 
additional payment shall made. This clause revokes the obligation 

This discussion (of the Progress Report the Special Committee Standard Con- 


struction Contracts, presented the Annual Meeting, January 20, 1926, and published 
March, 1926, Proceedings) printed Proceedings order that the vtews expressed may 
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pay the definite percentage agreed upon, and substitutes another sum con- 
ditioned the indefinite meaning the adjective “substantial”. The pro- 
portion the contract sum customarily retained the contractor’s profit. 
The should not permitted enjoy his profit before the owner 
has the use his work. pay over the contractor’s profit when there 
“substantial” (whatever the word may mean) completion, will lessen the con- 
tractor’s interest final completion. Another element for delay intro- 

Article and Final Payment.—The final certificate must 
issued the engineer “when finds the work acceptable under the Contract 
and the Contract fully performed”. This just condition and protective 
the contractor and the owner. The modification which follows permits 
the contractor evade his full obligation, but holds the owner strictly full 


performance. The required merely submit evidence that 


material bills, and other indebtedness connected with the work have 
been paid”. There should added this sentence, “and all claims resulting 
therefrom”. There may pending claims injury persons and property 
that are obligations the contractor which can asserted against the owner. 

After fixing the sums due the contractor final certificate and requiring 
payment the owner accord with the final certificate, exception 
provided for the owner’s “unsettled liens” and the contractor’s claims “pre- 
viously made and still unsettled”. The meaning this exception prob- 
ably require the payment the final certificate and leave for further dis- 
cussion litigation certain liens and claims. The final payment the 
owner, usually understood, disposal all matters growing out 
the contract. 

The owner’s obligations pay are made acutely unjust the last para- 
graph Article when required pay for “substantial completion” 
without receiving any waiver claims from the contractor. 

Attached the contract part thereof are “Standard General Condi- 
tions for Engineering Construction”.* Although these “General Conditions” 
are evidently drawn from contracts made for building construction, they are 
not used building construction, and, therefore, must intended prin- 
cipally for railway, highway, municipal, and other public works. There are 
many modifying clauses and such vague requirements the contractor that 
engineer responsible for the contract public works the works the 
quasi-public corporations can prudently use these Standard General Condi- 
tions and procure from the contractor his full obligation. Some the defects 

Article Correlation, and Intent Documents.—This pro- 
vides that the engineer shall identify the General Conditions, Drawings, 
Specifications case the owner and the contractor fail sign. Such clause 
will permit the engineer change the terms the contract changed 
documents. 

Article 4.—Copies Drawings words, “unless otherwise 
provided the Contract Documents” have place contract. requires 
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little effort the part the engineer make all requirements definite. The 
loose use “unless otherwise” leads what required 
the contracting parties. This fault found Articles other than Article 
Wherever found, the words should stricken out, and, the Article 
the owner furnish any material labor, otherwise take part 
the construction, Article should cover that feature clearly. 

Article 10. and owner should not burdened 
with responsibility for infringement. the contractor’s duty cover the 
cost all patent rights his tender and procure patented articles and 
processes from the patent owner. All reference to, the owner’s responsibility 
should stricken out because Article proposed will permit fraud 
practiced him. 

Article 12.—Protection Work and Property 
tion should protect the owner’s property from injury arising from 
all causes and not merely “from injury loss arising connection with the 
Contract”. These words leave for dispute what injuries losses can 
scribed being “in connection with the Contract”,, 

The paragraph gives too much authority the contractor 
spend the owner’s The whole paragraph should omitted. 
engineer should sufficiently close touch with the work direct how 
emergencies shall handled. 

“unless shall show that the defect the work was caused con- 
tractor, and that event the Owner shall pay such cost”, should stricken 
out. The effect will promote controversy and lessen the intent the 
contractor accomplish sound construction. 

Article best and attention 
which should given the contractor not “his best” but the “the best 
proof. 
paid for accordance with the unit prices set out the contract. Article 
should re-written read: 


“The Owner, without invalidating the Contract, may order extra work 
make changes adding deducting the work, the Con- 
tract Sum being adjusted accord with the unit prices named the Con- 
tract. All such work shall executed under the conditions the original 
Contract. Any claim for extension time caused thereby must made 
writing the Contractor the time ordering such change.” 


tion” from the contract price should made the basis the unit prices 

tration”, should stricken out. There should arbitration. there 
arbitration, that should not contract cause for delay. because such would 
permit the contractor make delay asking for arbitration. 
graph, “This article does recovery damages for delay either 
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party under other provision the Contract Documents”, should re-written 
read, “This article refers merely extension time resulting from delays 
named herein and does not cover damages for delays.” 

Article 20. Suspension basis for the con- 
for expense incurred result suspension should established 
this article. 

Article Right Terminate Contract basis for 
damage incurred through contractor’s fault should 

23.—Contractor’s Right Stop Work Terminate Contract.— 
The “or awarded arbitrators”, should stricken The basis 
for determining “loss sustained upon any plant materials and reasonable 
profit and damages”, should set out the Article and the further require- 
ment that the amount thereof “shall. certified the Engineer” should 
incorporated. Article requires the engineer certify dam- 
age, and profit recoverable the contractor. 
Article exception should stricken out. 

Article Decisions. striking out the exception Article 

“The Engineer: shall, within reasonable after their 
him, make decisions writing all claims the Owner the Contractor 
and all other matters relating the execution and progress the work 
the interpretation the Contract, including the Contract Documents. All 
such decisions the Engineer shall final.” 

Article out Article 40. The best arbitrator 
the engineer. provide for another bring fourth party the con- 
tract, and one who expected act judge law and evidence the 
points submitted and without being subject thé ‘restraints the law 
contract. secure and business, the engineer must have contractors 
who willing undertake the works under the engineer’s super- 
vision. The enginéer must have owners who are willing entrust works 
the ‘engineer’s The engineer’s business success 
the trust reposed him both parties. The Arbitration Board provided 
Article without such restraint. Two members are partisans. The 

Provision for arbitration means lessened control over the work the 
engineer, lessened security the owner that his work will performed 
accord with his purpose, benefits the prudent and capable 
and decided opportunities the incompetent contractor avoid his 
obligations. Arbitration will not lessen the assertion claims the con- 
tractor but will increase those claims the theory that all arbitrations result 
compromise. After obtaining all possible claims allowed the engineer, 
the contractor will expect procure something additional from arbitration 
and will request such arbitration. The owner does not usually make claims. 
The engineer undertakes procure the execution the work accord with 
the terms the contract. The owner makes comment. pays. the 
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engineer fails procure the construction accord with the contract require- 
ments, the owner seeks other technical supervision for future work. the 
disputed points cannot settled the engineer, then the best arbitration 
the judge and jury provided statute law for composing differences. Be- 
fore the judge and jury each contestant will have his legal rights fully 
tected and each will receive the benefit rules evidence. 

The evident purpose the “Standard Contract” and the “Standard Con- 
ditions” aid the contractor giving him slightly more favorable consid- 
eration and providing him with many opportunities make claims for addi- 
tional compensation. That purpose economical construction 
and violation the the profession. 


Am. Soo. (by letter).t—The entire con- 
struction industry should greatly indebted the Joint Conference for 
carefully preparing the admirable forms presented. One looks vain 
many the old-time clauses that compelled the contractor submit without 
redress all the whims the engineer. The forms mark decided advance 
delineation the fair-minded contractual relations that should exist 
between the contractor and the owner, the absence which has caused 
much friction the past. hoped the Conference will continue its work 
and report the underlying elements that should govern the Advertisement, 
Instructions Bidders, Specifications, Drawings, the Bond, 
matters bear important part the economic letting construction work 
contract. 


The Joint Conference was called Herbert Hoover, Hon. Am. 


E., Secretary Commerce, and therefore has quasi-governmental stand- 
ing. seems most unusual and irregular that the report. has been copy- 
righted, especially the Conference asking engineers use the forms 
the end that the principles therein contained will receive practical test. Must 
engineers pay for the privilege using any part all the forms that have 
been produced, apparently, the joint efforts the representatives eight 
technical societies called together governmental such 
the case, joint committee work which has done much the for the 
Engineering Profession receives serious setback. 

The writer sees advantage dividing any contract into “agreement” 
and set “general conditions” and much prefers one document that includes 
everything, including the form bond, except possibly the drawings, being 
the best way present contract case prospective bidder, sub-contractor, 
surety, execute as.a virile contract between owner and 
tractor. The practice growing binding with the other matter small 
scale drawings that the one document may stand complete 
part any contract can fully understood without reference every 
other part; when the contract separated into component parts there always 
material dealer, any other interested party. Even with standard 


Aetna Casualty Surety Co., Conn. 
Received the Secretary, March 1926. 
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there always the opportunity slip typewritten clause which may 


affect the relations set between the parties. 
‘ation 


Referring the Agreement prepared the Conference, Article and 


Article mention made certain set “General Conditions” being 
part the contract, but blank space provided identify which set 


“General Conditions” intended included the contract; and the 


“General Conditions” submitted the Conference, there place wherein 


they can marked for identification. This serious defect the forms 
and emphasizes the absurdity dividing contract into parts, making 
necessary identify each part order weld the parts into coherent 
whole. 
corporation, co-partnership, individual each sign contract 


for different way and the matter sufficient importance for the form 


for 


agreement include the end information how the document should 
executed. Especially desirable have the form disclose either the end 
the beginning the names each partner comprising co-partnership. 
The form considered does not 

following comments are offered the “Standard General Conditions”* 

Article Part regarding how notice served, and Part time 
limits, are conditions and not definitions, and therefore not belong 
Article which entitled “Definitions”. 

never desirable delineate the same subject-matter two clauses 
the same contract, this may lead dispute. Article the con- 
tractor agrees for the contract price assume the cost of: (1) the labor; 
(2) the materials; the equipment; and (4) the transportation. Article 
the contractor agrees assume the cost of: (1) materials; (2) labor; 
water; (4) tools; (5) equipment; (6) light; (7) power; (8) transportation; 
other facilities necessary. Parts Article and Article should 
combined new article stating the consideration the contractor gives the 
owner for the contract price. 

definition for the word set Article (Part (f)), but the 
word used mean the “site” Article and Article 13; therefore sub- 
stitution order these two articles—or the words, “also refers times 
the site operations”, must added Article 

The first sentence Article states that all surveys will 
the owner unless otherwise specified. This condition more properly belongs 
under Article which states that the engineer will lay out the work. 

the last sentence Article the contractor agrees that will not 
employ any person unfit unskilled for the work performs, and the last 
sentence the first paragraph Article 14, that will give supply effi- 
cient supervision the work; thus the owner fully protected and 
therefore unfair the contractor prevent him, Article 14, from 
superintendent except with the consent the engineer. The con- 
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the whims, any engineer inspector. the sentence remains the condi- 
tions, only fair another sentence stating that the engineer shall 
not change any inspector assistant engineer securing the consent 
the contractor. 

The last part Article 11, referring errors, similar subject-matter 
part Article and these two parts should brought together. The 

Article entitled “Guaranty Bonds”. much better, title would 
either “Contract Bond”, “Performance “Surety Bond”, Among 
surety companies ‘these bonds are known “Contract Bonds”, 

The premium rates charged the sureties contract bonds depend 
the varying hazards the suretyship assumed the surety company set 
forth the wording the bond, the liability the surety defined 
the statutes Court decisions the State wherein the work The 
exact wording the bond. therefore becomes matter the 
surety. The thoughtless insertion few words not give 
the owner any added protection, but may make for the contractor 
obtain the bond from reputable surety The writer knows 
one State department using bond wording that greatly increases the surety- 
ship hazard and which the bond premium charge just 100% greater than 
that. bonds required another the same State. Other 
instances can cited. 

experienced contractor usually arranges with his surety for any bond 
that may needed advance his filing bid and “putting up” certified 
check large contract. contractor bidding Article 30:could not 
tell his surety the hazard suretyship because the wording the bond 
contractor and his surety, and the owner Article should plainly state 


substitute for Article 30: 


Bond—The Owner shall have the right require 
the: furnish Surety Bond the penal sum 
dollars with such Surety, Sureties, (or are) satisfactory acceptable 
the Owner, guaranteeing the faithful performance the contract and the 
payment all obligations arising thereunder, incurred the Contractor for 
which the Owner can held liable. such bond required instructions 
given previous the receipt bids, the premium shall paid the Con- 
tractor and allowance for such premium payment shall made the Con- 
tractor upon his exhibiting the Engineer receipted bill covering such pay- 
ment; the request for the bond made after the bids are received the 
premium shall paid the Owner.” 


tract whole. owner and should “play safe” and obtain the 
distributing moneys here and there, otherwise the owner may find 
has relieved the surety any obligation under its 
the end Article 33: “and the Surety bond force.” 
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The second paragraph Article makes one contractor for 
the work performed another. independent contractor and therefore 
seeks the contractor perform the duties the con- 
tractor erecting only. the superstructure bridge would have guarantee 
the integrity the substructure before starting his contract. article 
states that must the work done the other contractor; this 
might construed mean that competent inspector must be’ placed the 
substructure job the expense the superstructure contractor. The para- 
graph should struck out, the owner already protected sufficiently under 
the second paragraph Article 14, 


gress Report the Standard Construction Contracts, 
fair state that the earlier forms the term, Contract” was 
used, and the original purpose apparently was secure “universal” form. 
therefore, may properly made that basis and the expecta- 
tion considered and finished product. 

The Standard Contract reported this Society marked 


1925, the Conference Standard Con- 
Insofar contained, herein copyrighted by. American 
Institute Architects, the reprint thereof permission said American 
Institute Architects.” 


copyright American Institute Architects, except 
such part was reprinted permission the American Railway Engineer- 
ing, Association material copyrighted it. that these 
copyrights are has legal right to. have printed, his own 
pamphlet, the whole this Standard Contract, any part it, with- 
out obtaining the permission tue American Institute Architects, the 
Joint Conference Standard Construction Contracts, the American Railway 
Article more and the use the remaining Articles without permission 
illegal the copyright is, Corrections and are therefore inad- 

should also that the earlier form consideration 
the Joint Conference approximated closely the contract form adopted 
of, Architects; the basis from which 
changes were made. was taken although the Architects’ form then 
specified that was “for use when stipulated sum forms the basis pay- 
ment”; while for are more commonly 

price” basis. 

criticism the provisions the “Standard reported the Soci- 
ety’s Committee,, 


West Roxbury, Mass. 

the Secretary, May 28, 
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Article the Agreement, there are specified the work and plans 
“prepared acting and these Contract Documents 
entitled the Engineer”, and Article the General Conditions,* “The 
Owner, the Contractor and the Engineer are those mentioned such the 
Agreement.” 

Not infrequently happens that the engineer who prepares the plans 
does not act the engineer charge construction, however desirable 
may be, and unfortunate that “universal” form should use this phrase, 
which seems unnecessary and often inappropriate, and would often require 
change. architectural work essential that the construction should 
the hands the designer; the intended artistic effect can hardly assured 
otherwise. The adaptation engineering construction from the architectural 
form seems ill considered. 

Again, should understood that the blank filled with the “name” 
the person, alone competent fulfill the duties. The owner cannot 
discharge him without the consent the contractor. If, however, the title 
official (City Engineer Chief Engineer) inserted, successor the 
office then competent. The latter statement established law. there 
inserted the “name” person, followed “official title’, doubtful 
how the Courts would regard it; they might readily (or might not) rule that 
the official title simply described the person, him certain, but not 
making the official the engineer. case person “named” should resign, 
should die, there provision the Standard Contract for 
successor, and this might prove awkward and serious. 

Again, Article the General Conditions, the engineer the one 
tract the word Engineer used, shall be- understood referring the 
Engineer the Owner *.” 

The two clauses appear somewhat inconsistent. Article (b) comes 
from the Architect’s form, and Article (c) appears adapted with 
changes from the form another important National Society. The two con- 
sidered together are ambiguous. Whether Article would tend take 
care the difficulty which occurs when the engineer resigns dies seems 
uncertain. suit law would doubtless decide the question succession. 

Article the Agreement specifies payment “current funds”. 
all clear whether check will suffice whether money required? Inquiry 
the writer from lawyers, bankers, and brokers, showed lack certainty 
unanimity among them, quick opinion, whether check would 
suffice, while economist suggested that the term was accounting term 
rather than financial banking term. Court decisions another connec- 
tion have held “current funds” mean money. The question will later 
shown important. 

Under Article the Agreement there omitted the usual clause, “time 
being the essence this contract.” There is, however, clause Article 
(g), the General Conditions, reading, “All time limits stated the Con- 
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tract Documents are the essence the Contract.” This clause unusual 
form and place. 

The Standard Contract also fails include form for clause for liqui- 
dated damages, but suggests the insertion one desired. Unfortunately, 
engineer unfamiliar with the law touching liquidated damages 
serious disadvantage writing clause that will enforced. The Courts 
will enforce only damages actually suffered, and are disposed regard pro- 
vision damages contract “penalty”, and the use the words, 
“liquidated damages”, has little effect the Court. truly unfortunate 
that the “Joint Conference has discussed the wording stipulation for 
liquidated damages, but has reached decision”, stated the report.* 
For what purpose was the Joint Conference not aid the inexpert? Why 
could not have recommended the following: 


“Tf the Contractor fails complete the work accordance with this Con- 
tract and Specifications the time specified, shall pay the Owner for 
each and every day thereafter including Sundays and holidays that the com- 
pletion delayed, such sum not exceeding .......... dollars the Engineer 
shall decide the reasonable damages suffered” 

there objection that lodges more power with the engineer than 
the Standard Contract was willing grant, the answer that his “decision” 
subject arbitration the Contract used. Even without 
arbitration clause, the engineer might fairly trusted fix sum less 
than that specified maximum, decided. 

Article the Agreement provided that: 


“Where the quantities originally contemplated are changed that applica- 
tion the agreed unit price the quantity work performed shown 
create hardship the Owner the Contractor, there shall equitable 
adjustment the Contract prevent such hardship.” 


This clause shows lack appreciation the distinction between “hard- 
ship” and The settlement all honest lawsuits (of which there 
not “injustice” 

must far below what was expected and the quantities 
largely increased, hardship the owner results, certainly money and 
perhaps time. the material the lower depth more difficult remove, 
there hardship the contractor time and money. The owner certainly 
not entitled any relief the ground hardship. There may may 
not injustice the contractor. his bid may have included ade- 
quate consideration risk. well drawn contract and specifications may 
properly have provided for this contingency. 

Article the Agreement, “substantial” completion provided for. 
Many engineers will object the word “substantial” indefinite. used 
the form adopted the American Institute Architects. This Article 
also fails specify “where” the monthly progress payment shall made. 
This again will referred later important. 
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provides for final payment the “office the Just 
which office the Government State municipality intended not 
quite but little harm would result where time limit involved: The 
term reasonably definite the case private owner building con- 
struction and not inappropriate the Architects’ For public work, 
however, the place payment would better left blank filled out; cer- 
tainly for universal contract form: 

the close the “Agreement” occurs the sentence, witness whereof 
the parties hereto have executed the Agreement, the day and year first above 
some contract forms there provided immediately preceding 
this the stipulation that: “This Agreement shall inure benefit and 
binding upon the legal representatives and successors the parties respect- 
ively”. Some owners would require this form which seems ,unobjectionable. 

The foregoing are largely criticisms sins commission. There one 
serious omission the Agreement. has been con- 
tracts that: 


“The Contractor shall furnish all the materials, superintendence, labor, 
equipment, and transportation, except hereinafter specified, and shall exe- 
cute, construct and finish, an. expeditious, substantial and workmanlike 
manner, the satisfaction and acceptance the Engineer (or the City 
Engineer, the Chief Engineer) the work performed”, 


This clause seems fundamental. The Standard Agreement provides that 
“The Contractor shall furnish all the materials and perform all the work 
shown the Drawings and described the Specifications”, and there 
some amplification the term, “work”, Article (f) the General Condi- 
tions, but there provision that the work the 
the engineer any one 

sion that: 

work under this contract every respect shall the risk the 
Contractor until finished and except damage injury caused directly 
the Owner his agents employees.” 

Some one must take the risk, and that the 
properly placed the party who most directly controls it; clearly, this the 
contractor. The omission important and, the writer, significant. 

Taking now thé General Conditions:* Article (c), refers the engi- 
neer “acting personally through assistant duly authorized writing for 
such act the Engineer”; this provision seems fairly rigid, and might readily 
prove embarrassing times. wise engineer who can foresee 
acts that his assistant may find necessary is, the 
Standard Contract, some uncertainty the powers the 
chief, and can delegate powers not himself possess. 


have been served delivered person officer the corpora- 
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tion for whom intended, There are several instances the 
Standard Contract which written notice claim demand may made 
corporation. the case large public service corporation rail- 
way company written notice any “officer” would not satisfactory 
means reaching the “proper” official the Company. this connection, 
municipality corporation, chartered the State? not, whom 
should notice served? corporation, could there found corrupt 
whom would “wise” and “safe” serve notice? 


“The intention the Documents inelude all labor and materials, 
equipment and transportation necessary for the ‘proper execution the 
work. not intended, however, that materials work not covered 
properly inferable from the Specifications shall unless 
distinctly noted the drawings.” 


This provision fairly rigid. demands the engineer higher degree 
skill preparing plans and documents than the average individual engi- 
neer possesses and possibly more than has been exercised the preparation 
this Standard Contract itself. Another form, other contracts 
and much used, asks the contractor what necessary the 
out the intent.” 

The writer the opinion that the contractor able “size up” 
the job and “the intent than the engineer prepare iron-clad 
plans and documents. The owner, who often inexpert, needs protection 
against omissions rather than the contractor who has the opportunity and 
ability understand the plans and work before makes his bid. 

Article states that “plans are the property the many 
cases this may unfair the owner who may need working plans his 
provision that “plans are not other work”, proper 
for architectural plans but has little application engineering construction. 

Article provides “unless otherwise specified, workmanship 
and materials shall good quality”. This does not provide “to the 
faction the Engineer”. indefinite what good quality. Read, 
however; this connection, Article 16, “Claims for Extra Cost”, which 
stated: “If the Contractor claims that any instructions drawings 
otherwise involve extra cost under this Contract, shall give notice 
and the procedure shall then provided for changes that is, 
for cost plus “reasonable allowance for overhead and profit”. 

Under Article necessary for the contractor make his 
claim, whether valid not, the manner provided, and the work then shall 
paid for extra work. law statement means what says, and the 
foregoing clearly what Article says. the case unbalanced bid 
any losing bid, the contractor has only make his claim, and give. 
required. 

Article 11, provided that “if the Contractor performs any 
does know How can proved? general, ignorance law 
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Article provides for “where practicable the source 
supply”. may whatever that but unduly expen- 
sive for the owner; moreover, who 

Article 13, also provided that, 

“Tf any work should covered without approval consent the 
Engineer, must, required the Engineer, uncovered the Con- 
tractor’s expense. 

questioned work may ordered the Engineer, 
and ordered, the work must uncovered the Contractor.” 

Provision made for the proper adjustment payment. This 
not sufficient; provision should made “for inspection even the extent 
taking out portions finished work; case the work found 
satisfactory, the cost taking out and replacement will paid the 
Owner.” proper requirement view the notorious incident 
the New York Aqueduct, where, the writer remembers it, voids and even 
dead mule were disclosed when the finished work was cut into. 

Article provides that, 


“The superintendent shall not changed except with the consent the 
Engineer unless the superintendent proves unsatisfactory the Con- 
tractor and ceases his employ.” 

‘This unfair the contractor. should sufficient provides 
superintendent competent and satisfactory the engineer. 

extra work, Article quite inadequate. There should suit- 
able definition what constitutes “extra work”. Not all work conveniently 
performed the time the contract “extra work” under the contract. 
should some way essential the contract. That due the contractor. 
There should more complete recital what items enter into 

Article peculiar that specifies that the may order extra 
work, but the written order given the “engineer”. the owner orders 
there should written order from him. Let the engineer beware and not 
give written order without written order from the owner. 

article previous form contract the American Institute 
Architects provides for written order the owner countersigned the 
architect. Why should this provision have been changed? The present form 
unfair the engineer. 

Article 15, what “reasonable allowance for and 
Does include “general expense”, “superintendence”, “contingencies”, “use 
tools and plant”, “contractor’s risk and liability”? Does include rea- 
sonable proportion the time the foreman and timekeeper” ‘as well 

“establishment charges and insurance”? What the contractor fails offer 
satisfactory evidence Why should not provided that “work 
reasonably classified and paid for unit prices shall not regarded extra 
work” 

The item, “extra work”, many contracts the bone contention, the 
item upon which the contractor often hopes make his whole profit. The 
touching should cover many, probably all, the points sug- 
gested. Article clearly inadequate the difficulties extra work 
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avoided, There would never any certainty the items 
Different Boards Arbitrators would undoubtedly rule differently, 
unless the items included should more clearly specified. 

Article does not specify how the expense incurred suspending work 

Article does not state the “neglect prosecute the work” 
determined; and this case important. the owner deducts the costs 
without right, the result might terminate the contract under Article 23. 

not quite clear under Article that the powers cover 
doubtful whether the Arbitration Clause brought into action, since 
applies only appeals from the decisions the engineer. was intended 
apply otherwise, should have been stated. 

Under, Article 18, doubtful whether the owner ought shoulder the 
risk time, the case strikes, lockouts, other contingencies beyond 
the owner’s control and possibly within the contractor’s control. should 
not expected that the contractor should relieved from all risks this 

Article provides that: 


the Engineer should fail issue any estimate for payment 
within seven days after due, the Owner should fail pay the Con- 
tractor within seven days its maturity and presentation, any sum certi- 
fied the Engineer awarded arbitrators, then the Contractor may, 
upon seven days’ notice the Owner and the Engineer, stop work ter- 
minate this contract and recover from the Owner payment for all work exe- 
cuted and any loss sustained upon any plant materials and reasonable profit 
and damages.” 


The opportunity for losing contractor void his contract under the 
advice astute lawyer seems especially good. place specified for 
payment monthly estimates. Must the owner seek the contractor, vice 
versa? lawsuit may determine. addition, the owner may experience 
surprise finds, all too late, that must pay money, not check, 
the contract becomes terminated. Furthermore, Government work, State 
work, and probably municipal work, seven days quite too short for the 
routine official approval. Two weeks least are required Massachusetts 
State work. all large, well-organized corporations, time required. 
connection with Article 23, the clause (unusual form and place), “all time 
limits stated the Contract Documents the essence the Contract”, 
becomes critical proposition. 

There further serious possibility that the engineer may fail issue 
his estimate time, whether the result sudden illness, unexpected 
obstacles estimating, from other causes. Article alone sufficient 
cause for the rejection the Standard Contract. 

Article (d) provides that the withhold payments for rea- 
sonable doubt that the Contract can completed for the balance then unpaid”. 
The question how and whom the reasonable doubt determined 
makes Article exceptionally dangerous. Under the conditions here referred 
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to, the Contractor who behindhand has apparently everything gain 
terminating the contract. Under Article (e), also, there provision 
who shall determine the damage, and, again, may lead 
termination the contract suit law. 

tion”. does not provide for “arbitration hereinafter 
lack agreement between owner and contractor; decision the engi- 
neer involved. Whether arbitration would under the provi- 
sions Article under the provisions some general arbitration act 
State Legislature not quite clear. The Court might hold the 
intent act under Article 40. intended that settlement under Article 
should taken care under Article 40, should specifically stated. 
The Standard Contract has not been carefully considered in: this and 
other particulars. 

Under Article 38, the engineer “shall also have work 
and materials which not conform the contract”. fails say 
“which his judgment”, etc. The requirement the letter the contract 
rigid, and the burden proof the engineer. means equiva- 
lent the phrase common most contracts “to the satisfaction and accept- 
ance the Engineer”. 

Again, when Article stated that the shall “decide 
questions which arise the execution the work”, what range power does 
this give the 

Apparently the question answered Article 39, immediately following, 
which provides decisions that, 


“The Engineer shall make decisions writing all the 
Owner Contractor and all other matters relating the execution and 
progress the work the interpretation the Contract 


These decisions are and not clear that can make 
decisions any other way. 

Since all decisions which the contractor likely object “time 
financial considerations” practically all decisions are subject arbitration. 
The, question arbitration is, doubt, the most serious the contract. 
Arbitration engineering construction contracts quite new and has not 
been adequately discussed. Many prominent engineers not favor it, and 
some who have tried are consequence dissatisfied with it. clearly 
not legal for contracts for Government work, for public work most States, 
and probably most municipalities. 

With further relation standardization, one National has. already 
adopted its own form, many years since; another the verge of, adoption, 
has not already adopted, form its own. 

Further, the scope the Standard Contract, member 
the Society stated the Joint Conference, which was 
“this standardization not aimed and cannot hope change materially what 
already done large work any mind that not 
going possible”; but, continued, “contracts very small amounts” 
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and importance “competent men are not employed”, “the stand- 

Taking into account-the copyright difficulty, and the noted, 
appears the contract reported, standard any sense, far from 
universal first designated. has not been 
satisfaction that single form desirable for various classes engineering. 

minimizing the control the engineer, and what seems: the 
writer and others something spirit antagonism and expectation 
controversies, are rather intangible, considerations, but none the less 
prime importance. paper entitled “Technical Problems Construction 
Engineering”, before the Construction Division the January 
21, 1926, Mehren, Am. Soc. the idea engineers and 
contractors co-operating enterprise performing work for the 
owner, proposition which had already appealed strongly the writer. This 
Standard Contract does not seem harmonize with this idea, ‘or ideal, which, 


the last analysis, the best both engineer and contractor, 
well the owner. 


the Committee, might interesting for its members know, 
that since the Society has civil engineering, leadership regard 
standard construction contracts, the American Society for Municipal Improve- 
ments also taking same form contract and adapting 
work. The form contract indeed worthy the support the Society, 
and well for the mémbership use the standard form much 
possible order that engineers may make some progress, and, the 
meantime, discover its merits make suggestions that might better it. 

that engineers building construction particularly have been 
unfortunate not standard form. They have been obliged, probably 
some themselves, use form drafted the American 
contract, and the word “Engineer” not mentioned. The Society should 
advoeate the use the form presented, the Committee has worked 
faithfully. and thoroughly. 

The use standard contract form, stated Herbert 
Am. Soe. tend prevent controversies, eliminate waste, and 
reduce costs due contingencies now frequently, added constructors 
their bid because the unequitable contracts. More 
engineers, well general constructors, now nationally than here- 
tofore, and standard National contract form certainly timely and should 


considered, particularly with respect its effect the conduct the work. 
‘There are some radical changes from the form the ordinary engineering 
contract and the Society whole should have the benefit the opinions 


Secy., Fruin-Colnon Contr. Co., St. Louis, Mo. 
Valuation Engr., R., Boston, Mass. 
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the members who are using for construction work. fact 
that this form provides for general arbitration all stages the work 
because makes possible the arbitration all questions involving time 
financial considerations; and those are probably the only are 
come for serious consideration. 

question whether these matters should subject 
all stages the work, whether they might not better wait for arbitration 
the final settlement. The speaker suggests careful reading the wording 
and real attention the effect each provision before the form ‘is fully 
approved. 

The Committee has done earnest work, and credit for the advance must 
given, but there are number features that are not yet satisfactory 
some the delegates who attended the Joint Conference. 


Am. Soc. Committee and the Society 
are both congratulated the report Standard Construction Contracts 
presented. The proposed contract fair and admirable document. 
practically codification the just and equitable contractual relations that 
should exist between owners, engineers, and contractors 
contracts. 

The speaker strongly objects the following 


“The first record Standard Engineering Contract that 
October, 1921, the Texas Section the Society.” 


1925, suggested that this paragraph modified, would now 
the following substitute: 


“This Society was among the first recognize the need for more 
contract documents. gave extended study proposed Standard 
Engineering and Architectural paper entitled ‘Agreements for 
Building The first record Standard Engineering Contract 
issued document form convenient for use contracts was 


This Society can properly among the realize the need 
and desirability for just contracts. 

The American Institute Architects deserving praise for its 
excellent standard building contracts. These are the product numerous 
minds working hard during many years. Particular honor due that dis- 
tinguished and broad-minded architect, Frank Miles Day, who, President 
the Institute 1906, fathered the movement for better documents 
supersede the old “Uniform 

working for the common good, mutual helpfulness welcomed. 
The work done 1909-10 the Society has, consciously unconsciously, 
materially helped the American Institute Architects the preparation 
its earlier editions, just its final the basis for the present 
contracts. 

Archt. and Cons. Engr., Belmar, 


Proceedings, Am. Soc. March, 1926, Society Affairs, 225. 
Transactions, Am. Soc. E., Vol. LXVII (1910), 438. 
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speaker gratified see that practically all the suggestions and much 


the wording contained his paper “Agreements for Con- 
tracts”, still retained the proposed contracts. 


Chicago, consisting representatives engineering, architectural, 
and contracting organizations, study and prepare uniform set contract 
documents for use building construction work. The Committee numbered 
approximately twenty, the speaker being representative the Western So- 
ciety Engineers. 

After several months’ study, complete set contract documents, known 
the “Illinois Contract Documents,” was prepared and recom- 
mended the organizations for general use their members. These docu- 
ments were copyrighted 1911 the Chicago Architects Business Asso- 
ciation, which continues sell them, through its Chicago office and numerous 


stationery stores They consisted “Articles Agreement”; 


“General Conditions the Contract”; “Bond”; “Invitation Bidders”; 
“Form Proposal”; and some other forms. 

The need such standard contract forms had been keenly felt the 
building industry and these contract documents, which were prepared after 
careful study all the available material, were favorably received and 
made use architects and engineers connection with their work 

March, 1913, the American Railway Engineering Association copy- 
righted and issued standard form contract, including “Form Agree- 
ment” and “General Conditions,” and, 1915, the American Institute 
Architects copyrighted and issued standard contract documents with the nota- 
tion that they were issued the American Institute Architects and ap- 
proved number trade associates. The American Institute Architects’ 
documents have been revised from time time and re-issued under dates 
1918 and 1925, and are widely circulated and used. Prior issuing the 
1925 edition referred to, certain preliminary contract documents were cir- 
culated for comment and criticism under the title: “Proposed Standard Docu- 
ments for Construction Issued the Joint Conference 
Construction Contracts”, ‘and “Proposed Standard Contract for 
Engineering Construction Issued the oint Conference Standard Con- 
struction 


the covers two documents following names 
associations appeared: 


“American Association State Highway Officials 
American Engineering 

American Institute 

American Railway Engineering Association 
American Civil Engineers, 

American Water Works 

Associated General Contractors 
Western Society Engineers.” 


Cons. Structural Engr. (Condron Post), Chicago, 
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was also stated the covers of, these two preliminary .documents, 
“Copyright 1924 The American Institute and the 
the preliminary document for Engineering Construction, the following 
was printed: 


Railway Engineering Association, the reprint thereof permission 
said American Railway Engineering Association.” 

the inside the cover each these two documents 
were the names the representatives the several societies appear- 
ing the outside cover. 

the unfortunate that the impression should given that any 
these contract documents were the exclusive property any one association, 
for certainly intended that they should widely used their entirety 
and that the matter contained should available and architects 
for use preparing their indiyidual contract documents. Certainly, the 
engineering societies, notably the American Society Civil Engineers, the 
Western Society Engineers, and the American. Railway Engineering Asso- 
ciation, have contributed considerable degree the building these 
documents and due recognition should given that fact. the 
speaker’s understanding that the names these Engineering Societies have 
not appeared connection with some the later issues because the docu- 
ments themselves had not been formally passed upon and approved them, 
and hopes that that matter will given proper consideration and action 
‘taken, looking toward the approval and endorsement these standard 
contract documents the Engineering Societies and that due credit will 
given the Societies the representatives which have taken part the 
preparation the documents. 

The name, “Joint Conference Committee,” which has been the 
title-page the Standard Documents the American Institute Architects 
has little meaning those not entirely familiar with the organization 
that Committee. 


remarks, would seem that further corrections from the standpoint 
accuracy are desirable. 

The Special Committee Uniform General the 
ican Railway Engineering Association was appointed instruc- 
tions draw and submit contract form which could adopted the 
Association “Recommended Practice”. Committee was made 
representatives both railroads and contractors. The Committee collected 
copies contract forms use most the railroads that were 
represented the membership the Association and after long study and 
consideration drafted and submitted contract form. This form was under 
discussion for several years and parts were adopted several 
railroads during this period. Especial.study was given the arratigement 


Cons. Engr., New York, 
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the various clauses that those defining the rights and duties the con- 
tractor and the company, respectively, would found the same part the 
contract and that the arrangement would 

The Association tentatively approved the form the contract and instructed 
the Committee submit for comment the legal departments the rail- 
roads. The speaker was Chairman the Committee this time and his 
recollection that replies were received from about fifty sixty railroads, 
including all the largest systems the United States. Probably two-thirds 
these replies approved the contract drawn and the remainder made sug- 
gestions for changes greater less importance. Some these changes 
were adopted the Committee and some were not. Except for the question 
the inclusion arbitration clause, which the contractors’ representa- 
tives advocated, the Committee made unanimous recommendation for the 
adoption this contract drawn, and the Association adopted “Recom- 
mended Practice” its Annual Meeting 1913. This form was copyrighted 
the Association and copies have been for sale the Association since 
that time. 

The contract form submitted the Joint Conference embodies part 
the American Railway Engineering Association contract exactly written, 
although the arrangement the clauses has been changed much the detri- 
ment logical arrangement. 

many the clauses the American Railway Engineering Associa- 
tion contract, published first about 1910 and copyrighted 1913, have been 
included the proposed standard form would seem very doubtful whether 
the American Institute Architects any one else has any legal right 
take out another copyright the same material. 

The American Railway Engineering Association contract form has been 
quite general use for thirteen years American railroads with only few 
minor amendments. This contract has successfully stood the test time and 
use. The changes made the Joint Conference not seem have 
improved it, but rather have weakened it. The arrangement not 
logical and since therefore appears that better contract form exist- 
ence there would seem little doubt but that the Society should not 
approve the proposed Joint Conference report written. 

The speaker believes that suitable arbitration clause construction 
contract proper and desirable, but the interest the owner and the con- 
tractor’such clause should not limit the authority the engineer carrying 
the work. should protect both parties from unjust demands and require- 
ments far financial settlements are concerned. questionable whether 
the arbitration clause submitted the Joint Conference does not unduly 
permit and encourage interference with the execution the work and the 
speaker believes that should revised. 

The form submitted the Joint Conference vast improvement over 
many forms use present, but for the following reasons should not 
approved the Society: 


L 

3 

| 


First—The form, arrangement, and wording can improved the 
interest. clarity, 

Second.—The arbitration clause too general its terms and, where the 
disposition exists, would tend encourage contention. 
Society should not approve form purporting original 
and copyrighted another organization when very large part this form 
was developed, issued, and copyrighted still third organization more than 
ten years ago. 
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PROGRESS REPORT THE SPECIAL COMMITTEE 
ENGINEERING CONTRACT BONDING 


Discussion* 


states the “Explanatory that these questionnaire forms have 
been prepared “in response the needs generally voiced engineers, archi- 
tects, and public officials for some means whereby they may gauge the respon- 
sibility bidders.” The Committee also states 

“Some division exists with the practice using 
some such forms but the Conference unanimous the 
that the complete should accompany the instructions bidders with 
definite notice the procedure followed.” 

These forms are admirable for the purpose determining the responsi- 
bility bidder provided: 

(1) The contractor always files the financial statement form filled out 
the exact date the bids received; 

The contractor has outstanding bids; and 

(3) The contractor has recently taken contracts which have not yet 
far enough obtain payment estimate the engi- 
neer. 

happens, however, that the submits the three 
with his bid under the foregoing conditions, which will seldom the case, 
the forms, are poorly adapted disclose the contractor’s responsibility for 
any particular contract because only the “Standard Form Con- 
the. work hand; and the form limits the information only those 
contracts which have progressed far have received payment esti- 
mate prepared the engineer. The information about work hand re- 
quested the statement form needed explain where the accounts receiv- 
able and percentages will come from, but, explained pre- 
viously, this information will often fail disclose the contractor’s condition 
bidding unless the three provisions are met. Without definite 
information about the other contracts hand and outstanding bids 
impossible form correct idea the “responsibility” any contractor 
for any prospective contract. Any workable method investigation should 
develop this information. 


This discussion (of the Progress the Special Engineering 
‘Contract presented the Annual Meeting; January 20, 1926, and published 
March, 1926, Proceedings), printed Proceedings order that views expressed may 
brought before all members for further discussion. 
Proceedings, Am. March, 1926, Affairs, 262. 
Loc, cit, 271. 
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this day Government and State income taxes appears quite 
a.solemn undertaking for contractor prepare and more publicly 
give out financial statement, While contractors may prepare monthly bal- 
ance sheets for their own they seem loathe give them out 
sureties and others, except such every six months 
year, and therefore, the financial statements that will filed with these 
questionnaires will seldom statement giving correct data 
the work hand. 

Suppose, for example, road contractor prepares financial statement 
December 31, 1925, which time has certain uncompleted contracts 
hand and from which shows the financial statement certain earned 
retained percentages and accounts receivable. The 1925 contracts are nearly 
completed and seeks additional work for the 1926 season. may have 
bid and been new contracts anuary which work 
has been done and February have been the low bidder one more 
additional contracts which will soon awarded him. may bidding 
March 1926, and offering financial form made 
December 31, 1925, but this form will not disclose important element 
needed fix his responsibility for the new contract because full information 
not given concerning certain contractual obligations has recently 
assumed. 

These three forms aim develop the same kind information about the 
contractor and his affairs that developed the contract bond application 
and financial statement forms used the surety companies, provided the 
contractor answers all the questions the surety forms; and judging 
the experience the sureties the writer believes that contractors will 
unwilling prepare and file financial statement every time 
new bids are offered—nor necessary. 

This subject how old contractor’s financial statement can and still 
serviceable was quite thoroughly thrashed out joint conference held 
Washington, C., June 1924, and attended thirty forty prom- 
inent contractors, State highway engineers, and surety officials. follow- 
ing was unanimously voted this gathering: 


“That when making application for contractors’ bonds, the 
should furnish the Bonding Company full and accurate information regard- 
ing his qualifications perform the particular contract for which the bond 
desired; that this information should include full history his contract- 
ing experience, full record his unfinished work, and accurate up-to- -date 
financial forth all assets and. contingent 


otherwise, and that any financial statement tendered should not more than 
six months old.” 


Assuming that the contractor has ability and the necessary 
plant and organization, his “responsibility” for any prospective contract 
depends the ratio existing between his net quick assets (working capital) 
and net worth and the volume construction work obligated to, 
will perform. There limit the volume work for every contractor 
beyond which becomes bad risk himself; (2) any surety writ- 
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ing bonds for him; (3) any owner who awards him contract; (4) any 
bank extending credit. Probably joint conference contractors, engineers, 
and surety men (nor will any local underwriting bureau) ever reach agree- 
ment hard and fast rule ratio that can applied all cases, 
many intangible elements necessarily come into each specific case considered 
but the fact remains that the volume work performed the con- 
tractor element that must always considered arriving any judg- 
ment his “responsibility”. This matter “responsibility” the nub 
surety underwriting contract bonds for contractors, and all surety bond 
application forms include question that develops data about the work 
hand. 


The writer offers the following suggestions this plan investigating 
contractors questionnaires: 


the scope the “Plan and Equipment Questionnaire” 
include data the work hand. The title this form should 
changed “Work Hand and Plan and Equipment Questionnaire”. Add 
the form the following schedules: 


Information about all contracts hand. (Attach separate sheet, 
necessary. 


Contract Approximate Amount Kind work location, name 
Date taken. uncompleted. owner, engineer. 
Kind work, location; name owner, engineer. 


the bidder co-partnership, answer these questions: 
Names all individuals composing it. Date 
partnership general, limited 


Name. Age. Address. 


(or we) have, will, file Financial Statement showing conditions 
the following (or our) present 
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net quick assets and total net worth are fully good those set forth the 
aforesaid statement, except stated below. 


The writer offers comment the foregoing the fact that although 
financial may filed with the owner stated intervals, the “Work 
Hand and Plan and Equipment Questionnaire” should filed with eack 
bid offered. happens that many new partnerships are formed just bid 
one particular job, therefore desirable know the status those bid- 
ding any particular job well the status those whose financial con- 
dition set forth the financial form. question develop this informa- 
tion should included each form for the reasons stated. 

The “Plan and Equipment Questionnaire” has Question No. follows: 
“Explain your plan layout for performing the proposed work.” The best 
modern practice tends toward specifying the completed structure and leaving 
the methods the contractor; often some able contractor thinks out new 
way handle work that effects substantial saving cost, all which 
should his advantage the bidding. fair ask the contractor 
disclose his plan before awarding the contract him? The bids may 
thrown out and his plan may used the basis which others may submit 
subsequent bids. Why not add “if you desire”, the question instead 
making Question No. mandatory now stands. 

the “Standard Form Contractor’s Financial 
Statement”, preferably just beneath the title, should appear note somewhat 
follows: 

“When the bidder co-partnership, separate financial statements must 
completed and signed each his assets and liabilities, 
exclusive his interest the partnership business.” 

The Committee mentions, previously stated, that there division 
opinion regarding the way the forms should used. The writer believes, they 
will very well serve the purpose used the manner outlined under the third 
suggestion. 

the top the title-page each the three forms print some- 
thing like the following: 


method investigating contractors set forth three forms 
ollows: 

“Experience Questionnaire, filed with the first bid offered, and yearly 
thereafter. 

“Work Hand and Plan and Equipment Questionnaire, filed with 
each bid offered. 

“Contractor’s Financial contain the last financial statement 
prepared, the statement not more than six months old. filed with 
the first bid offered but not with subsequent bids unless new financial state- 
ment has been prepared.” 

Those interested the question determining the contractor’s responsi- 
bility are referred the Symposium Highway presented 
before the Society January 20, 1922. 


Transactions, Am. Soc. E., Vol. (1922), 1052 
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MEMOIRS DECEASED MEMBERS 


will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


GUILLIAEM AERTSEN, Am. Soe. 


Diep 20, 1926. 


Guilliaem Aertsen, the son the late James Musgrave and Harriet (Romyn) 
Aertsen, was born Philadelphia, Pa., March 1855. was educated 
the Germantown Academy, old and well-known preparatory school, and, 
later, Racine College, Wisconsin. 

After leaving college Mr. Aertsen entered the employ the Midvale Steel 
Works (afterward the Midvale Steel Company) 1876 Assistant Superin- 
tendent the Forge. Two years later and young fellow-townsman and 
school classmate started for Oregon raise sheep. After short time this 
work, left the West and returned the Midvale Works, remaining until 
1887, first Assistant Superintendent and, later, Superintendent the 
Works. was while Midvale that laid the foundation for his extensive 
fund knowledge steel manufacture, his understanding men, and his 
executive ability. 

1887, was employed the Homestead Steel Company Superin- 
tendent under Mr. Julian Kennedy. remained this position until 1888, 
following Mr. Kennedy who then left the Company. Shortly after this, 
1888, Mr. Aertsen was engaged Manager the Latrobe Steel Company, 
Latrobe, Pa., new company, just organized under the Presidency Mr. 
Marriot Smith. When the Latrobe Company was purchased 1906 the 
Railway Steel Spring Company, Mr. Aertsen continued General Manager 
the Latrobe Plant until 1911. 

was while Latrobe that Mr. Aertsen become widely acquainted the 
railroad world and when re-entered the employ the Midvale Steel Company 
1911 was Consulting Engineer Railroad Products and their sale. 
When this Company was purchased the Midvale Steel and Ordnance 
Company 1915, Mr. Aertsen remained with the capacity Engineer, 
and, later, Auditor the Company. The Midvale Steel and Ordnance 
Company was taken over the Bethlehem Steel Company 1923, and Mr. 
Aertsen remained with that Company until his last illness. 

died his home Germantown, Philadelphia, April 20, 1926, and 
survived his widow, formerly Edith Price, Cleveland, Ohio, and 
two children, Mrs. Murray Watts and Guilliaem Aertsen, Jr. 

Mr. Aertsen’s profound knowledge metallurgy, particular that the 
manufacture steel products for railroads, made him much sought-after 
man the various technical societies his calling. was connected with 
the following organizations: The Engineers’ Club Philadelphia, which 


Memoir prepared Joseph King, Esq., Philadelphia, Pa. 
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was President ‘in 1920-1921; the Society for Testing Materials, 
which was Vice-President 1921-1923, and President 1923-1924; the 
American Institute Mining and Metallurgical Engineers; American Iron 
and Steel Institute; American Electric Railway Engineers Association; the 
Society Philadelphia; the National Geographic Society; the 


Chicago Engineers’ Club; the Club New and the 


League, Philadelphia. 

Mr. Aertsen had great influence over his men, due, first, keen insight 
into human nature; and, second, his unfailing justice and fairness his 
dealings with others. His judgment was sound and was fortified large 
fund excellent common sense. was loved friends and respected 
gentleman. 

Mr. Aertsen was elected Member the American Society Civil 
Engineers October 1890. 


GEORGE ROCKWELL BASCOM, Am. Soc. E.* 


26, 1925. 


George Rockwell Bascom, the son William Russel and Abby 


Bascom, was born Bloomington, June 21, 1882. was educated 
the schools Bloomington and Chicago, and the University 
Illinois from which was graduated with the degree Bachelor 
Science Municipal and Sanitary Engineering 1905. 

the summer 1905, Mr. was employed the Chicago Engineer- 
ing and Contracting Company, and had charge the engineering work 
the lock and dam the Ouichita River, Monroe, La. From the autumn 
1905 the autumn 1908, was with John and Edward Cole, 
Members, Am.. Soc. E., Consulting Engineers, with offices New York, 
Y., and Chicago, various phases municipal and hydraulic engineering. 
During the following winter, served Special Engineer for the City 
Muskogee, Okla., charge the design the water-works and sewer 
extension. 

Thence until March, 1913, Bascom was engaged the private practice 
engineering and contracting, acting Engineer for the Heman Con- 
struction Company and for Fuller and Fuller, Contractors. also served 
Secretary and Manager for the Muskogee Crushed Stone Company and the 
Hyde Park Sand and Gravel Company. the autumn 1912, went 
San Antonio, Tex., take charge special hydraulic concrete work for the 
firm Fuller and 

From March, 1913, January, 1918, was Assistant Professor 
Municipal and Sanitary Engineering, charge Department 
Extension Division, the University Wisconsin, Madison, Wis. 1917, 
also served Consulting Engineer for water-works and sewers for 
Alpha, Mich. 


Memoir prepared Greene, Vice-Pres. and Treas., Co.. 
Aurora, 
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January, 1918, Mr. Bascom entered the Army Major the Sanitary 
Corps, and during the World War acted Camp Sanitary Engineer Camp 
Pike, Arkansas. After the Armistice was sent Washington, C., 
assist writing that part the medical history the war, represented 
the activities the Sanitary Engineering which included history 
malaria control for fifty-four camps, posts, and stations. resigned from the 
Service March, 1920, and May 14, 1920, was commissioned Lieutenant- 
Colonel the Quartermaster Corps the Officers’ Reserve Section. 

March, 1920, Mr. Bascom became associated with the Barber-Greene 
Company, Aurora, Branch Manager the Chicago District, and con- 
tinued that capacity the time his death June 26, 1925. 

survived his widow, who was Litta Bauschbach, Princeton, 
and two children, William Russel and Elizabeth Anne Bascom. 

was member the American Water Works Association and the 
Wisconsin Engineering Society and also belonged the Phi Gamma Delta 
Fraternity. 

Mr. Bascom was elected Associate Member the American Society 
Civil Engineers September 11, 1917, and Member June 1920. 


AARON MOULTON BURT, Am. Soe. E.* 


Moulton Burt, the second three sons Dr. John Otis and Helen 
(Moulton) Burt, was born Syracuse, Y., May 1866. His father 
was descendant Henry Burt came from England the Massa- 
chusetts Colony settling what now Springfield, Mass,, and who 
married Eulalia Marche, Huguenot Artois, France, whose ancestors had 
been driven out France the religious persecutions the Duke Alva. 
The descendants Henry Burt bore considerable part the development 
Massachusetts and the neighboring Colonies. During the troublous years 
the French and Indian Wars and, later, throughout the controversy with 
England, ending the Revolutionary War, Burts were found serving town 
councils, Colonial Assemblies, and Colonial armies. 

Aaron Burt, great-grandfather Aaron Moulton Burt, was private 
Captain Nathum Ward’s Company, Colonel David Well’s regiment mil- 
itia belonging the County Hampshire, and the capture 
General Burgoyne. 

Aaron Burt, grandfather Aaron Moulton Burt, the age left 
parental home Vt., seek his fortune the West. in- 
1813, visited New York, Y., traveling there horseback, The next 
year resumed his journey Ohio, but, stopping Oneida, Y., visit 
gave the idea continuing his journey and settled, first, 

Memoir prepared following Committee the Northwestern Section: Messrs. 


Louis Yager, Am. Soc. Chairman, and Stout, Engr., Northern Pacific 
Ry. Co., St. Paul, Minn. 
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Manlius, Y., where, 1815, was married Lucy Burke. After her 
death married Eleanor Ross Otis. was industrious man and devel- 
oped much skill building mills which were greatly needed that new 
country. With the means thus accumulated purchased farm near Fay- 
etteville where resided for fourteen years. During this period repre- 


sented his district for three sessions the State Legislature Albany, becom- 


ing intimate with Martin Van Buren and Henry Seymour among other dis- 
tinguished men that time. 

Early the history the Erie Canal was appointed one 
intendents and held that position the Middle Sections for many years. 
Having acquired important interests Syracuse, Y., moved his family 
there and became identified with its early history and growth. secured 
large tract land and around the city, much which subdivided 
into building lots and later sold. His own home occupied commanding hill 
site among extensive lawns and trees. Commissioner took active part 
the construction the railway between Syracuse and Utica, Y., now 
part the New York Central System, between which points the entire 
line was constructed under his immediate supervision. died 1848, 
ing earned the respect and highest esteem his fellow citizens. 

Dr. John Otis Burt, father Aaron Moulton Burt, became prominent 
physician Syracuse. was graduated from Harvard University the 
Class 1858, traveled Europe, and his return began the study medi- 
cine the Jefferson Wyman Medical School, Cambridge, Mass., and the 
Harvard Medical School. 1860 entered the College Physicians and 
Surgeons New York, but, the following year, aroused the attack 
Fort Sumter, enlisted the 9th New York Regiment “for the 
Restive delays fitting out this regiment sought and obtained entrance 
the Medical Corps the United States Navy, passed the required medical 
examination, and received his commission from President Lincoln 
Assistant Surgeon. was immediately ordered Admiral Farragut’s 
Squadron and was with the fleet when the forts below New Orleans, La., 
were taken and through its advance the Mississippi River and, later, 
through the siege Vicksburg, Miss. the autumn 1863, after the fall 
Vicksburg, was invalided home, and having been discharged from the 
Navy, returned his interrupted medical studies. was married Helen 
Narcissa Moulton, orphaned daughter Dr. Franklin Moulton, Marcy, 
Y., whose father, Solomon Moulton, soldier the Colonial Army 
the Revolutionary War, had been mentioned for conspicuous bravery the 
Battle Long Island. They sailed for Europe where for two years Dr. Burt 
studied surgery the celebrated hospitals Paris and Vienna and their 
return was graduated New York. then commenced the practice 
medicine Syracuse. was Visiting Physician St. Joseph’s Hospital 
for number years, physician the Board Health, and for seven years 
was connected with the Medical Department Syracuse University Assist- 
ant Professor Chemistry, and, later, Professor Materia Medica. His 
wife died 1873, after few days’ illness typhoid pneumonia, leaving three 
small boys, nine, seven, and four years old. 
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Each person is, and must be, largely the creator his own character and 
fortune; still, there back his existence power and influence which 
gives direction his thoughts and actions. Great intellectual attainment 
and high moral purposes are well founded inherited ability from family 
line from acquirement. “As sow, shall reap”, true to-day 
was when had utterance years ago. Sound ancestry leaves rich 
inheritance; the parent will ever live his children, and, some degree 
direct the thought and action the generations that are follow where 
has led. the application such law the ancestry Aaron Moulton Burt 
sent him forth this world with background which stood out bold 
relief, industry, energy, public spiritedness, capacity, and leadership. 

The modest education which Mr. Burt was equipped was obtained 
the public and private schools Syracuse and the Allen School West 
Newton, Mass. and financial reverses the part his father ter- 
minated his education, and the age returned Syracuse and 
began work drug store. There stayed for three years; but becoming 
dissatisfied because long hours and low wages, company with boyhood 
chum started West seek his fortune, ending his journey wild ride 
over the mountains stage coach with drunken driver, Aspen, Colo., 
just over the Saguache Mountains the Continental Divide. During the 
next year had varied, rough, frontier experience ranch hand, gro- 
cery clerk, and drug store clerk, sleeping the drug store night. 

March, 1885, his nineteenth year, Mr. Burt secured position with 
surveying party the Colorado Midland Railroad, then just starting its pro- 
gram locating and building its line into Buena Vista and down the Colo- 
rado River into Leadville, thence Glenwood Springs and New Castle, with 
branch from Glenwood Springs Aspen. began Assistant Transit- 
man; him devolved the work carrying the transit. first survey 
which was engaged was from Leadville Glenwood Springs. Until 
that time had had experience whatever with surveying instruments 
engineering work but exercise pluck and application soon mastered 
the transit which liked describe “an old ‘Stackpole’ that weighed 

Mr. Burt remained with Colorado Midland Railroad until the end 
1888, locating main lines and investigating branch lines coalfields. 
next served construction the line and, finally, maintenance 
division out Leadville, having progressed from Assistant Transitman 
Rodman, Assistant Engineer Construction, and Division Engineer 
Maintenance. Despite his limited schooling has been described one 
his party the Colorado Midland Railroad the youngest still, 
mentally, the most alert the group, and even then was showing evi- 
those characteristics which later were strongly marked him. 
During the time ‘his Colorado employment became intimately associated 
with John Cotton Dana, now Librarian the Public Library Newark, 
Between them there was formed attachment which had small 
influence, has himself said, his subsequent life, and which grew even 
stronger the end. 
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April, 1889, the completion the work for the Colorado Midland 
Railroad, Mr. Burt accepted position with the Big Horn Southern Railway 
Company Assistant Engineer charge the location line from Sher- 
idan, Wyo., Custer; Mont., now part the Chicago, and Quincy 
System. September, 1889, left this work and joined the Engineer Corps 
the Northern Pacific Railroad Company Transitman the location 
the d’Alene Line from Missoula, Mont., westward, the St. Regis River 
over the d’Alene Mountains, through the St. Pass 
d’Alene City, d’Alene Lake, the foot the western slope the 
Continental Divide. May, 1890, was made Resident Engineer the 
construction this line under Lothrop, Assistant Engineer Charge. 


residency lay along the St. Regis River, mountain stream, adjoining 


that Darling, Am. Soc. E., later Chief Engineer the North- 
ern Pacific Railway, under whom Mr. Burt served for number years. 
After the construction this line, Mr. Burt continued with 
the Northern Pacific Railway Company Assistant Engineer surveys for 
various line changes and grade revisions until February, 1892. March 
that year went the Adirondack and St. Lawrence Company 


part the New York Central System) Resident Engineer charge 


miles construction the vicinity Old Forge, This work 
was finished September, 1892, when accepted position with the Wis- 
consin Central Railway Company Division Engineer, re- 
maining until August, 

From August, 1894, 1896, Mr. Burt was Engineer with the 


Chicago and Northern Pacific Railroad Company (now part the Balti- 


more and Ohio Terminal Railroad). During the railroad strike 1894 
worked Signalman the signal towers Chicago for this Company. 
From March December, 1896, was with the Wisconsin Northern Rail- 
way, branch the and Northwestern Railway, Resident Engi- 
the location and construction miles road between Leona and 
Newald, Wis. work having been completed and with further con- 
struction work prospect that road, left the end 1896 and, 
January 1897, re-entered the service the Northern Pacific Railway, with 
which Company, except for nine months with the United States Railroad 
Administration, continued uninterrupted service until his death. 

His initial employment. this period was Supervisor Bridges and 
Buildings the Minnesota Division from January 1897; March 1902, 
with headquarters Staples and Minneapolis, Minn. From March 1902, 
October 10, 1903, was Assistant Division Superintendent Grand Forks, 
Dak. October 10, 1903, was appointed Division Superintendent 
the Dakota Division, with headquarters Jamestown, Dak., charge 
the maintenance and operation that Division, and continued that 
position until his transfer the Fargo Division January 1911. was 
Superintendent the Fargo Division, with headquarters Fargo, Dak., 
from January August 14, 1911, when was transferred Missoula, 
Mont., Superintendent the Rocky Mountain Division. April 25, 
1912, was transferred the Idaho Division Superintendent Spokane, 
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Wash,, where remained until January 1914, when was appointed 
Chief Engineer Maintenance Way the entire System with headquarters 
Paul, Minn., which capacity served until April 1918. 

the latter date Mr. Burt was promoted Acting General Manager, 
Lines East Paradise, Mont., serving that capacity until August 
1918, when was made Assistant General Manager. held this office 
until June 1919, when was chosen Assistant Director, Division Oper- 


ation, United States Railroad Administration, with headquarters Wash- 


ington, March 1920; returned the Northern Pacific Rail- 
way Company Assistant the Vice-President charge Operation. 
was promoted the position Assistant Vice-President May 1923, hold- 
ing that position until January 26, 1925, when, the death Mr. 
Rapelje, was appointed Vice-President charge maintenance and opera- 


tion, serving that capacity until his death Jamestown, Dak., April 


20, 1925, pneumonia contracted while inspection trip. 
Mr. Burt’s patriotism prompted him make considerable effort take 


active part the World War and soon after the United States entered 


the conflict made application secure service abroad some capacity. 
His request, however, was denied with the encomium that his expert knowledge 
and operating skill were essential for transportation problems home. 

Mr. Burt’s career with the Northern Pacific Railway was almost coin- 
cidental with that Company’s history since its re-organization. was among 
the last those who played conspicuous part this chapter its history 
during the past generation. knew intimately the story its development 
from line with steel rails, narrow grade, light engines, 
and cars carrying less than 000 000 tons, line mileage 4527, 
and total track mileage 5.325, system brought high state 
operating efficiency grade and line changes, much double-track, increase 


miles line, with 417 miles carrying 000 tons traffic 


per year. 
Mr. Burt’s experience railroad service was and From 
subordinate surveying party rose highest operating position 


one the great American systems. years his 


business life were given engineering, years were devoted transportation 
operations, and this branch made ‘his greatest contributions. His out- 
standing donation American railway operation was through his possession 


vision beyond that possessed most American operating men. oper- 
ating problem him constituted problem itself, for always considered 


its broadest aspects, its relation other operation, and its 
effect future operation. Out this breadth vision came certain ter- 
minal developments the Northern Pacific Railway constructed serve 
the present day and yet designed require but simple enlargement 
care for future needs. was one the first American railway engineers 
see clearly the economy the standardization facilities and prac- 
The high degree standardization and the broad lines intel- 
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Men 
ligent, comprehensive development the Northern Pacific Railway will stand 
his individual contribution American transportation. 

During the which served the United States Railroad Admin- 
istration Assistant Director, Mr. Burt was also Chairman the Auto- 
matic Train Control Committee, and planned and organized the work that 

body most judicious manner, evidenced its report the Director. 
General 1919. After left the Railroad Administration was appointed 
the representative the Engineering Division the American Railway Asso- 
ciation the Joint Committee Train Control which acted 
co-operation with the Interstate Commerce Commission working out details 
practicable plan for equipping the railroads with automatic train-control 
systems. 

physique, Mr. Burt was much above the average height, being ft. 
tall. Straight, upstanding, and moderate weight, his bearing was dignified, 
yet not stiff, impressing his assurance and capacity the His 
blue eyes, quickly kindling friendly humor steeling penetration 
knotty problems, showed his sociability and was possessed 
melodious, resonant which lent agreeable personal bearing 
speech friendly talk and that saving grace dry American 
humor which could smooth tense situation and which always made him 
delightful companion. young engineer construction, gave evi- 
dence that tact and diplomacy which later years served him well 
handling many perplexing human problems which come men heavy 
responsibilities. 

was possessed analytical mind, conservative manner, and tem- 
perate expression result which his opinions carried great weight and 
were readily accepted. was tolerant with the differing views others, and 
was diligent searcher for truth the fertile places open mind. Mr. 
Burt was man exemplary habits and moderation and had pleasing per- 
all business and social contacts. never permitted his mind 
exclusively engaged with his professional duties, but always found time 
participate the play social forces, around him. 
His dealings with subordinates were marked and 
unusual consideration. was keen student human nature and his 
knowledge and interest the human element railroad operation con- 
tributed largely his success this field. always deep interest 


young professional men and devoted much his time providing oppor- 
tunities for deserving individuals, His entire life was inspiration the 
engineer. Having thrown into the world early life, with only 
modest education he, nevertheless, perseverance and constant use 
powers with which was endowed, neglected opportunity for learning 
and enlarging his experience and thus pushed courageously forward place 
His career should wholesome stimulus. youths this day 
who are forced start life’s battle with meager equipment. 

loved intensely the rugged Western mountains which so. much his 
life had been spent and explored many the promising trout streams his 
short periods summer recreation. Mr. Burt possessed peculiarly gifted 
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ability use carpenter’s tools which inclination constituted with him 
and his chief recreation from his daily work. After day’s work 
summer and week ends could divest himself his cares and find 
extreme pleasure the actual building things his cottage pleasant 


other times utilized this love tools the 


many novel, quaint, and useful things. 

1895, Mr. Burt was married Margaret James, artist 
ability, the daughter Mr. James, Paul, Minn. Mrs. Burt, 
with two adopted children, Olive Burt, and Harold Glenn Burt, sur- 
vives him. 

March 28, 1911. For eight years, from 1916 1924, inclusive, was mem- 
ber the Committee Signals and Interlockers, and member its Board 
Direction from March, 1924, until his death. was also member the 
Engineers Society St. Paul from 1916, the Minnesota Club, the St. Paul 
Athletic Club, White Bear Yacht Club, and the Informal Club, local literary 

Mr. Burt always showed keen, lively, productive interest all worthy 
movements and enterprises seeking the betterment his community. 
was Charter Member, Vice-President, and Member the Executive Com- 
mittee the District Planning Commission which has for its 
object definite plan for the development the area comprising the Twin 
Cities St. Paul and Minneapolis, Ramsey and Hennepin Counties, which 
these two cities are located, and contiguous territory. was among the 


active Minnesota engineers the promotion this large under- 


taking and his loss has been keenly felt that organization. Although 
held office, elective appointive, the municipal organization, was 
always interested public enterprises and public welfare. call for meet- 
ings, conferences, some other form assistance relating the public wel- 
fare, was rarely issued but that would find possible present and 
encourage the movement public speech and private counsel. 

was member Unity Church, St. Paul, member its Board 
Trustees, and active its welfare and financial support. was also much 
interested art and music and lent them his earnest encouragement and sup- 
port although was not gifted either. 

1918, invitation, Mr. Burt lectured before the Graduate School 
Business Administration Harvard University “Railroad Problems”. This 
address dealt mainly with phases railroad organization and administration 
from the viewpoint Division Superintendent. The lecture was greatly 
appreciated exceedingly interesting and stimulating. various times there- 
after was urged address the same school transportation subjects but 
natural modesty and press other duties prevented. may pause and reflect 
that through his own achievement and self-acquired accomplishments was 


sought transportation authority lecture before one the schools the 


great from which his father was graduated and subsequently obtained 
part his professional education. 
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own job well”. this end gave his work all his loyalty and energy. 


was elected Member the American Society Civil Engineers 
May 31, 1916, and the time his death was President the Northwestern 
Section the Society. had represented the Section the Metropolitan 
Planning Committee from 1924 until January, 1925, and had served Vice- 


President the Committee during this period. 
ROBERT WALTER CREUZBAUR, Am. E.* 


Robert Walter Creuzbaur was born Austin, Tex:, August 1860. 
was the only son of: Robert and Lydia Rachel (Kirk) Creuzbaur. His 
father was German-Austrian mechanical engineer great ability, who emi- 
grated young man Texas and served during the Civil the 
Confederate Army. the restoration peace moved with his family 
New York, Y., where his son received his primary and High School 
education. Financial reverses prevented university career. 

Mr. Creuzbaur began his engineering training with his father and was 
subsequently employed Draftsman the office the Central Railroad 
New Jersey. 

1877 and 1878, was the Sixth Avenue 
Elevated Railroad New York. the completion this work, went 
Austin, where spent about year surveys and railroad and dam 
construction. 1880, was employed Mr. Bowditch, Boston, 
Mass., landscape and engineering 

From 1881 1884, Mr. Creuzbaur was engaged the Drafting Office 
the New York, West Shore and Buffalo Railroad Company, where designed 
highway, transfer, and ferry bridges, coaling pockets, docks, masonry, etc. 

From 1881 1891, held similar position with the Aqueduct Commis- 
sioners New York under whose charge the New Croton Aqueduct was being 
For this work Mr. Creuzbaur designed, under the direction the Chiet 
Engineer, the late Alphonse Fteley, Past-President Am. Soc. E., steei 
roofs, gate-valves, and sluice-gates, some which were subjected 
unusually great water pressure. was next retained for short time 
the New York Underground Railroad Company for which made designs 
and estimates work being interrupted adverse legislation, 
Mr. Creuzbaur opened office Consulting Engineer Southern Cali- 
fornia. partner charge the work, soon returned New 
York complete the designs the mechanical work the New Croton 
Aqueduct. 


Mr. Creuzbaur’s next engagement, 1891 1893, was prepare, 


Assistant Engineer the New York Central Railroad, direction 


Memoir prepared Edward Wegmann, Am. Soc. 


With simple and satisfying devotion, Mr. Bent, throughout his life, adhered 
his creed that “the greatest thing man can for the world his 
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the late Fouquet, Am. Soe. E., the contract and working plans 
for the “Depew Shops”. the completion this work was transferred 
the Chief Engineer, the late Walter Katté, Am. Soc. E., “The Park 
Avenue Improvement”; designed the masonry substructure for four-track 
bridge Harlem River. 

May, 1893, entered the service the City New York, 
Engineer the Finance Department. 1896, this position 
into private practice Guatemala, Central America, where was engaged 
number private undertakings, including the hydro-electric develop- 
ment the Rio Nigel for lighting the City Antiqua. his return 
the United States provide equipment for one these projects, was 
obliged give his work Central-America, account the sudden 
death his partner. During interesting journey from coast” 
examined the work progress the Pacific States, the mining region 
Montana, and the Chicago Drainage Canal. 

After short service 1897 Assistant Engineer the Department 
Docks the City New York, charge sea-wall construction, Mr. 
was transferred the Department Highways and placed 
charge repaving Manhattan Island for which about 000 was avail- 
able 1897. June 1898, was transferred Assistant Engineer 
the Finance Department the City New York and, October 1898, 
was promoted the-position Principal Assistant Engineer this Depart- 
ment, serving throughout the terms Comptrollers Coler and Grout super- 
vision all municipal work the! Boroughs and Queens. 

1902, while six months’ leave absence, Mr. Creuzbaur took charge 
the construction the Oak Lane Reservoir Philadelphia, Pa., and 
the expiration this leave absence acted Consulting Engineer 
the New York Continental Jewell Filtration Company and until the reservoirs 
were completed. 

April 26, 1906, was the the President the 
Borough Brooklyn, who appointed him his Consulting Engineer. While 
this position, which held for five years, Mr. re-organized 
the Engineering Staff the Public Works Brooklyn and introduced many 
reforms the engineering methods. 

May, 1911, resigned his position the City’s service private 
practice Consulting Engineer, having opened office for this purpose with 
Charles Parmelee, Am, E., New York. 

1914, Mr. Creuzbaur was appointed Consulting Engineer for the City 
Elizabeth, J., supervise that City’s part the elimination grade 
crossings and improvement work the Pennsylvania Railroad and the Central 
Railroad New Jersey. This work entailed expenditure about 

1917, was appointed Engineer the Emergency Fleet 
Corporation connection with the construction three well-known plants 
Hog Island, Bristol, Pa., and Newark, the completion this 
work September, 1919, resumed his private practice New York 
Consulting Engineer. 
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Memo 
summing Mr. Creuzbaur’s engineering activities, which 
over more than fifty years, one with the wide range subjects 
covered. regards his character, was man few words, hard, 
fatigable worker, faithful, honest, and loyal the performance his 
and excellent judgment dealing with important engineering 
His services were great value the City New York. this connection, 
former Comptroller Bird Coler states: 
Creuzbaur was very efficient rapid transit work, and was main 
adviser what was accomplished when, Comptroller, member 
the first Rapid Transit Commission. prepared the arguments and facts 
which were used persuading that Commission make its first extension Ligh 
Borough President Brooklyn asked him become Consulting Engineer light 
the Borough, and that capacity rendered the same conscientious the 
and able work did the Comptroller’s office.” 
died his country home East Hampton, Y., June 1926, 
and survived his widow, Mrs. Jessie Creuzbaur. Eng 
Mr. Creuzbaur was elected Junior the American Society Civil 
Engineers April 1890, Associate Member April 1894, and tion 
Member April 1900. was also Charter Member the Municipal 
Engineers the City New York. 
188% 
WILLIAM HENRY HEUER, Am. Soc. E.* 
was 
Diep 28, 1925 
the 
William Henry Heuer was born St. Louis, Mo., March 1848, 
German parentage. was graduate the United States Military Academy and 
West Point, Y., and was commissioned First Engineers, for 
Army, June 23, 1865. 
His first duty appears have been California, where was placed bec 


Assistant Engineer the river and harbor work the Coast, 
remaining there from 1865 until 1870. During that period superintended 
the removal Blossom Rock menace the Harbor San Francisco), 


depth ft. below This work was done under contract 
the eminent pioneer civil engineer California, the late Col. lig 
yon Schmidt. Lieut. Heuer also made reconnaissance for military road- 
way from Fort Churchill, Nev., Boise City, Idaho. 
1870 was promoted the rank Captain, and during two 
following years was duty Willets Point, Adjutant the 
From 1872 1873, Captain Heuer was local charge the 
removal Halletts Point, known Hell Gate, New York Harbor, and 
Memoir prepared Otto von Geldern, Am. Soc. 
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prior its removal had charge the sinking Flood Rock, 
important piece preliminary work. 

examine and report the possible interoceanic canal routes 
Nicaragua, and Panama, Central America. During the same 
year charge certain measurements determine, with great 
the length the Central Pacific Railway from Sacramento, Calif., 
Battle Mountain, Nev., distance 387 miles. 

From 1876 1880, Captain Heuer was duty Key West, Fla., 
Lighthouse Engineer, and also charge the fortifications station 
and the Dry Tortugas Islands: During that period built two first-class 
lighthouses, one Fowey Rocks and the other the American Shoal 
the Florida Reef. 

From 1880 1884, was duty New Orleans, La., charge the 
river and harbor works, and fortifications; also served Lighthouse 
Engineer. construction the jetties Sabine Pass, 
Texas, 1882, and continued this work for two years, building this connec- 
tion the lighthouses South Pass and Sabine Pass, Texas, Mobile 
Alabama, and also one Fort Point, Galveston, Tex. 

became Major 1884, and was Philadelphia, Pa., 
1885. While charge the improvement rivers and harbors, fortifications, 
and lighthouses, designed project for permanent improvement the 
Delaware River, and under his direction the lighthouse the 14-ft. bank 
was built Delaware Bay. 

From 1885 1887 Major Heuer was again New Orleans continuing 
the work had left 1884, returned the Pacific Coast 1887, and 
with the exception year’s absence between 1896 and 1897, during which 
was duty Cincinnati, Ohio, charge the Ohio River improvements 
member the Missouri River Commission, remained Cali- 
fornia until his death. 

was charge the river and harbor work San Francisco and 
became member the California Débris Commission appointed the 
State regulate hydraulic mining. also began the construction the 
Humboldt Bay jetties during this period. 

1900, was made Lieutenant-Colonel and continued the work 
the improvement rivers and harbors, together with the erection 
lighthouses San Francisco Harbor and other localities the Pacific 
The destruction several San Francisco 
Harbor—Arch Rock and the two Shag Rocks—was successfully accomplished 
under his immediate direction. 

During the Spanish-American War Colonel Heuer was charge the sub- 
marine defense San Francisco Bay. 

was promoted the rank Colonel 1904 and was placed the 
retired list March, 1907. After his retirement opened office San 
Consulting Engineer, and was connected with number 


very important works the Coast for period ten years. 
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April, 1917, Colonel Heuer was active duty and took 
charge the office the Division Engineer for the Districts San Francisco, 
Los Angeles; and Honolulu, Hawaiian Islands, which ‘he ‘held during 
the period World War until 1919. 

Colonel was not married. During his years, his niece, 
Heuer, came Louis, Mo., care for him. his 
eightieth year retained his good health and faculties well able 
take care himself; afterward old age developed within symptoms 
paratively short illness, April 28, 1925. 

His funeral was held in’ the Masonie Temple, 
April 80, 1925, with rites and with simple military honors, and was 
attended many his old friends, colleagues, and military 

many-of the early the Colonel Heuer 

became infatuated with it, and whether living California far away from 
considered his home, always returning San Francisco when the 
opportunity offered. became thoroughly identified with the people, and 
later life was widely and favorably known throughout the 
was very popular and highly respected character. 

The characteristics Colonel Heuer were those real man. had 
the his convictions and was never afraid express opinion 
and defend vigorously whatever thought just and right. was 
his great principle life just and fearless, and accordingly feared 

nothing, neither physical dangers nor the opinions others. invariably 
asked himself the question: “Is right?” and when came his conclusions 
nothing could swerve him, neither pleadings nor threats. 

Generous fault, became known all his official dealings the 
most scrupulously honest custodian trust. With him was not only 
matter dollars but one cents, and all those who engaged 
with his office knew they must deal with strict 

who had his confidence trusted and defended, those who 
failed him were sure called severe accounting. was quick 
act and did not mince his words. was critical reader and man 
sound logic. sent him had stand the “fire test”, for was 
sure find the weak points them they had any. 

Colonel Heuer was American the old type, one those who 
under somewhat rough exterior have the tenderest feelings, who, 
and almost shyly, great, acts humanity they 
were afraid that some one might notice. 

had pronounced dislike for all pomposity and outward show and 
was, indeed, one the finest representatives the United States Military 
Academy, one those whom the noble traditions West Point had become 
sacred. articles faith. 


Colonel Heuer was elected Member the American Civil 
Engineers March 1880. 
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CHARLES ‘LEONARD ROWLAND, Ani. 


18, 1926. 


Charles Leonard Rowland was born Brooklyn, November 28, 
1852, the son James and Mary Eliza (Smith) While was 
quite youngj his father who was Fairfield, Conn:, removed 
that place, and the educated the public schools there 
Engineering. 

His service with terminated 1887 and the following 
year established similar business for himself—the Tron 

Alfred Trautwein and Mr. Frank became 
President of, the American Welding with plant Simpson, Pa. 
This Company specializes the manufacture steel products, such tanks 
and containers, that require highly developed forge and 
supplies many the tanks used the DuPont Company, the Standard 
Oil Company, and the Texas Oil Company: Forged cylinders, high- 
pressure tanks, furnaces, flues: boiler and other 
custom machine work are also manufactured and shipped ‘to all parts the 
United States. When was first opened, the plant had only employees, 
but its growth has been substantial, and when the 
Shippers’ Car Line, subsidiary the American Car and Foundry Company, 
March 1926, acres, with and 225 employees. 
Mr, Rowland, his home Carbondale, died the Post- Graduate 
Hospital York, April 18, 1926. 

During the World War, invented and container for chlorine 
gas, 1-ton capacity, which was adopted the United States and 
the Allied Governments. than 8000 these tanks were manufactured 
during this period, and proved factor helping the war. 

October 24, 1883, Mr. Rowland was married Lucille Ackerly, 
who survives him. 

Realty Company and Director Manufacturers’ Association 
New York. was also member the American Society for Ma- 
terials and the Engineers’ Club.of New York. belonged 
terian Church and was Republican 

Engineers September 1886. 


Memoir prepared Frank Orchard, American Welding Co., 
Carbondale, Pa. 
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CLARENCE OWEN SHIVELY, Assoc. Am. Soc. E.* 
Diep 25, 1926. 


Clarence Owen Shively was born Dayton, Ohio, August 14, 1890. 
was the son John and Elizabeth (Brubaker) Shively. 

His early education was obtained the public schools Dayton. 
September, 1911, entered Purdue University, Lafayette, Ind., and June, 
1915, received the degree Bachelor Science Civil Engineering. During 
his University course spent two summers topographic and sanitary engi- 
neering and one transmission line work Dayton. 

Mr. Shively was good student and was actively student 
affairs. was member Delta Tau Delta Fraternity and the Student 
Council, and was also Fraternity Editor The Débris, the pub- 
lished the Seniors Purdue University. 

Immediately after graduation entered the employ the Miami Con- 
servancy District. For three years was engaged Draftsman, and, later, 
Chief Draftsman, the preparation topographic maps and other gen- 
eral drawings for the District connection with the development the plans 
for the Miami Valley Flood Protection System. October, 1918, Mr. Shively 
was assigned the construction work the Germantown Dam Assistant 
Division Engineer, and continued this unit the project until its 
pletion the summer 1920. was then transferred similar position 
the Taylorsville Dam, where remained until November, 1921. Through- 
out his connection with the work the Miami Conservancy District, Mr. 
Shively won and retained the friendship and good will all his associates, 
the work under his supervision was carried ina most commend- 
able manner. 

Purdue University and, June, 1923, was promoted Assistant Pro- 
fessor, the position which held time his death. was advancing 
rapidly, toward maturity his professional field and had spent 
the summer 1925 making studies and designs storm and sanitary 
sewers for the City Dayton. March 25, 1926; double pneu- 
monia after short 

Professor Shively’s work was mainly Hydraulic and Sani- 
tary Engineering. account his with students, his 
ability organize and carry out instruction, was placed charge the 
administration the course Engineering Problems for Civil 
Engineers. always maintained the most cordial relations with his stu- 
dents and the same time commanded their respect and maintained high 
standards work. His unfailing courtesy and genuine spirit 
will long remembered and Alumni. 

Professor Shively was actively interested the affairs the Society, 
given generously his time the Purdue University Student 


Memoir prepared Hatt and Wiley, Members, Am. Soc. E., and 
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Chapter. Only two weeks before his death delivered excellent illustrated 
address before the Chapter the “Construction Dams”. 

1916, was married Katherine Faber who, with two sons, Richard 
Faber and Harold Owen, survives him. 

Professor Shively Associate Member the American So- 
ciety Civil Engineers April 19, 1920. 


CLARK LUZERNE WILCOX, Assoc. Am. Soc. E.* 


Diep 11, 1926. 


Clark Luzerne Wilcox was born Mexico, Oswego County, Y., 
March 1878. was the son Luzerne Wilcox and Mary Wilcox, de- 
ceased. received his education the public schools his native town 
and Cornell University, from which was graduated Civil 
with the Class 1901. 

Immediately after his graduation Mr. Wilcox was employed Draftsman 
the American Bridge Company for several months, following which 
was engaged Engineer Office Assistant for nine months the Bureau 
Filtration the City Philadelphia, Pa., experimental work the 
Schuylkill Testing Station. For two years, March, 1902, 
was with the firm Waring, Chapman, and Farquhar, New York, Y., 
sanitary projects Pensacola, Fla., Athol, Mass., and Larch- 
mont, Y., with which firm—the members which were pioneer engineers 
sanitary design—were engaged. 

May, 1904, Mr. Wilcox removed Pittsburgh, Pa., where resided 
continuously until his death, almost years. His first engagement was 
with the Bureau Filtration the City Pittsburgh, Designing and 
Constructing Engineer various parts the filtration plant Aspinwall, 
Pa. 

1906 became associated with The Pitt Construction Company, Inc., 
one the organizers, and acted Treasurer the Company until his 
death. Aside from his duties Treasurer, supervised the construction 
many important projects, among which were the Conneaut Viaduct, rein- 
forced conerete, 7-span, arch-ribbed structure, ft. high and 1500 ft. long; 
the mechanical equipment the Filtration Plant Buffalo, Y., consist- 
ing forty 000-gal. filters; and the Longbridge Viaduct the Lincoln 
Highway near Ligonier, Pa. 

survives him. also survived his father and one brother, Perley 
Kingsport, Tenn. 

was active civic and church affairs, and was Mason, member 
the Mexico, Y., Lodge, and the Duquesne Commandery and Syria 
Shrine Pittsburgh. Among other affiliations were the American Water 
Works Association, Engineers Society Western Pennsylvania, Associated 
General Contractors America, and the University Club Pittsburgh. 
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Mr. Wilcox was the highest character. Being quiet and 
modest nature, full appreciation many exceptional qualities was 
enjoyed only his close friends and 

addition his many admirable personal characteristics, Mr, Wilcox 
was noted for his thoroughness detail his undertakings. His 
influence and example was strongly impressed his associates and his death 
leaves gap which will hard 

Mr. Wilcox was elected Junior the American Society Civil Engi- 
neers December 1901, and Associate Member March 1910. 


EDWARD JAMES CONNOR, Affiliate, Am. Soc. E.* 
1925. 


Edward James Connor was born New York, Y., October 26, 1877. 
received his early education the Hoboken, J., High School, from 
which was graduated with honors. received Stevens 
Institute, Hoboken, but was unable accept account his father’s 
1896, entered the office Mr. William Jenks, dock building 
contractor New York, Draftsman and, later, Superintendent Con- 
struction, which position retained until 1909, when the business was dis- 
solved after the death the During the period from 1896 1901, 
Mr. Connor took night course Civil Engineering Cooper Union. 
continued his studies later years, until became proficient engineer, 
capable surveying, designing, and supervising construction. 

Between 1909 and 1925 was associated with the Deuville Artificial 
Stone Company and John Monks and Sons, both New York, and also with 
Barth Cronin, Incorporated, Brooklyn, five years previous 
and the time his death was the employ Allen Spooner and 
Son, Incorporated. 

Mr. Connor was genial disposition with keen ability, remarkable for 
accurate details, especially competent the design piers, wharves, and sheds, 
besides his ability supervising construction. long and varied experience 
harbor engineering gave him knowledge, that was value constructor 
—such knowledge can obtained only after many years hard study and 
work. therefore has left vacancy not easy fill. was beloved his 
associates business, his wife and family, and commanded high respect 
his subordinates. leaves widow and two sisters. 

Mr. Connor was elected Affiliate the American Society Civil 
Engineers January 31, 1911. 
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